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SUMMARY 


Background 

Appendix  G,  "Water  Supply  and  Stream  Water  Quality"  has  been 
prepared  pursuant  to  a request  by  the  U.  S.  Army  Corps  of  Engineers 
in  a letter  dated  May  22,  1963*  Appendix  G is  one  of  several  simi- 
lar dociawnts  to  be  prepared  by  a variety  of  agencies  who  are 
participating  in  a "Comprehensive  Planning  Study  of  the  Grand  River 
Basin,  Michigan."  The  study,  under  the  chairmanship  of  the  U.  S. 
Amy  Corps  of  Engineers  District,  Detroit,  Michigan  deals  with  the 
best  use  of  the  water  and  related  land  resources  of  the  Grand  River 
Basin.  The  information  and  Interpretations  sumnarlzed  below  are 
based  on  data  collected  by  the  GIJRB  Project  during  its  water  qual- 
ity studies  of  the  Lake  Michigan  Basin  (1962-1964).  These  studies 
have  been  supplemented  by  data  obtained  fi^sn  other  Federal  agencies, 
the  State  of  Michigan  and  local  agencies. 

Pollution  in  the  Grand  River 


The  waters  of  the  Grand  River  are  degraded  in  quality  par- 
ticularly below  Jackson  and  Lansing,  and  at  its  mouth  near  Grand 
Haven.  This  degradation  in  quality  is  evidenced  by  low  dissolved 
ojQTgen  levels,  and  other  biological,  chemical,  microbiological  and 
physical  parameters  analyzed  by  both  Federal  and  state  pollution 
control  agencies. 

Pollution  of  the  waters  of  the  Grand  River  is  further 
evidenced  by  the  Impairment  of  water  uses.  Partial  body  contact 
recreation  is  hazardous  due  to  high  collfora  bacteria  and  fecal 
streptococcus  bacterial  densities  below  Jackson,  Lansing,  Grand 
Rapids  and  Grand  Haven.  The  fishery  of  certain  sectors  of  the 
Grand  River  is  hamed  by  low  dissolved  oxygen  levels  and  high  stream 
temperatures.  Esthetic  enjoyment  is  impaired  by  the  unsightly  appear- 
ance of  the  Grand  River  at  Jackson  and  certain  other  areas.  The  State 
of  Michigan  now  requires  continuous  chlorination  at  all  waste  treatment  plants. 
Sources  of  Pollution 


Municipal  waste  treatment  plants  of  the  Grand  River  Basin  serve 
a population  (1962)  of  540,000.  The  combined  effluents  from  these 
municipal  treatswnt  facilities  discharge  a total  of  17,000  pounds  of 
5-day  biochemical  oxygen  demand  (BOD^)  daily  to  the  waters  of  the 
Grand  River  Basin.  These  wastes  are  equivalent  in  oxygen-consuming 
power  to  the  untreated  wastes  of  over  100,000  persons.  Other  municipal 
waste  sources  include  the  overflows  from  combined  sewer  systems. 

Industrial  wastes  discharging  directly  to  the  waters  of  the 
Grand  River  Basin  put  an  additional  21,000  pouiids  of  BOD5  into  the 
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streams  daily.  These  wastes  are  equivalent  ir.  ojcygen-consumlng 
power  to  the  untreated  was'-os  cf  over  126  'XX)  persons. 

In  addition  to  the  o game  waste  load  discharged  from  in- 
dustries and  municipalities,  t -mal  discharges  also  have  a signif- 
icant bearing  on  water  quality.  For  example,  cooling  water  discharges 
from  steam  electric  generating  stations  at  lAnsing  produce  adverse 
effects  on  d irable  water  uses. 

Future  honclitions 

Growth  projections  indicate  that  the  I960  Grand  River  Basin 
population  of  969,000  may  increase  more  than  two-fold  by  2020. 
Industrial  activity  is  expected  to  double  by  1980  and  to  continue 
to  expand  in  the  decades  that  follow.  Water  demands  and  waste  flows 
will  increase  at  a more  moderate  pace  due  to  increased  water  x*euse 
and  other  efficiencies.  These  and  other  related  factors  indicate 
that  the  waste  load  received  by  all  municipal  sewerage  systems  in 
the  Basin  will  increase  to  about  2,500,000  Population  Eqiii valent  (FE) 
by  2020.  By  comparison,  the  present  estimated  waste  load  received 
by  all  municipal  sewerage  systems  of  the  Grand  River  Basin  is 
approximate'! y 560,000  FE. 

Needed  Water  i^uality  Improvement  Measures 

A number  of  pollution  control  measures  are  presently  needed 
in  the  Grand  River  Basin.  These  measures  include  secondary  waste 
treatment  for  all  major  municipal  waste  sources  and  equivalent 
treatment  for  all  significant  industrial  waste  sources. 

In  addition,  the  recommendations  of  the  Four-State  Federal 
Enforcement  Conference  on  the  Pollution  of  Lake  Michigan  and  its 
Tributaries  require  that  communities  provide  at  least  80$  phosphorus 
removal  on  a statewide  basis. 

At  some  locations  the  foregoing  measures  alone  will  not  be 
sufficient  to  achieve  satisfactory  water  quality  control.  The  study 
has  identified  two  principal  locations,  the  Jackson  area  and  the 
Lansing  area,  where  additional  measures  are  required.  A study  of 
alternative  measures  reduces  to  the  following:  advanced  waste 

treatment  (beyond  the  basic  degree  specified  above);  augmentation 
of  low  flows  in  the  stream  receiving  the  treated  wastewater  effluents; 
piping  of  effluents  to  a more  favorable  location  for  discharge;  or 
combinations  of  these. 
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Estl’T'.ates  have  been  nade  of  the  streairiflows  required  to 
3i;ppleir.ent  basic  wastewater  t^aatmerit  in  mair,ta.^ng  established  water 
quality  standards,  in  the  reaches  of  the  Grand  River  at  and  immediately 
downstream  from  the  cities  of  Jackson  and  Lansing.  These  estimated 
flows,  for  projected  conditions  of  the  years  19B0  and  202C,  are  given 
in  Table  The  plan  formulation  appendix  will  present  single  pu’*- 

pose  ar.i  multipurpose  reservoir  plans  to  nrcvide  all  or  part  of  this 
flew. 

At  Jackson,  which  is  located  near  the  headwaters  of  the  river 
system,  the  required  flews  exceed  the  maximum  physical  supply  of 
water  obtainable  from  the  river.  Therefore,  some  form  of  advanced 
waste  treatment  will  be  required,  and  the  city  of  Jackson  is  already 
taking  steps  to  provide  it.  Should  one  or  more  multipurpose  reser- 
voirs in  tiis  Jackson  area  prove  feasible,  allocation  of  storage  space 
for  low-flow  augmentation  could  be  a valuable  supplement  to  advanced 
waste  treatment.  Importation  of  water  to  the  Jackson  area  is  a 
possibility.  However,  unless  water  imported  for  low-flow  augmentation 
is  part  of  a total  quantity  brought  in  for  several  purposes,  the  costs 
cf  transporting  water  from  one  of  the  Great  Lakes  to  Jackson  for  this 
purpose  alone  would  be  greater  than  the  cost  of  providing  a degree  cf 
treatment  high  enough  to  eliminate  any  need  for  supplemental  streamflows. 


At  Lansing,  where  the  Grand  River  is  much  larger  than  it 
is  above  Jackson,  there  is  a more  favorable  opportunity  for  seeking 
least-cost  combinations  of  wastewater  treatment  and  low-flow 
augmentation. 

A summary  of  alternatives  for  water  quality  control,  and 
associated  costs  adjusted  to  a common  time  base  for  comparison,  is 
given  in  Table  6-3. 

The  benefits  cf  achieving  and  maintaining  high  quality  water 
in  the  Grand  River  Basin  will  be  widespread  and  far-reaching,  even 
though  not  all  of  these  benefits  are  susceptible  cf  measurement  in 
monetary/  values.  Koreover,  it  is  presumed  that  the  procedures,  includ- 
ing public  hearings,  through  which  Michigan's  water  quality  standards 
were  established,  justify  the  premise  that  the  people  in  the  Basin 
consider  achievement  of  these  quality  standards  to  be  justified  and 
worth  what  it  will  cost.  On  that  premise  and  for  purposes  of  benefit- 
cost  analysis  in  any  multipurpose  reservoir  projects  being  considered 
as  part  cf  the  comprehensive  plan  for  Grand  River  Basin,  benefits 
cf  storage  for  water  quality  control  are  considered  to  be  at  least  as 
much  as  the  cost  of  the  least  costly  alternative  to  such  storage.  As 
shown  in  Table  6-3,  this  is  $330,000  per  year  at  Jackson  and  $430,000 
per  year  at  Lansing. 
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SECTION  1 
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Authorization 

The  Secretary  of  Health,  Education,  and  V/elfare  was  informed 
1,"  the  Secretaiy.^  of  the  Amy  in  a letter  dated  December  U,  1962  cf 
the  comprehensive  water  and  related  land  resource  investigations  to 
be  conducted  in  the  Grand  River  Basin,  Michigan.  In  response  the 
Secretary  of  the  Department  of  Health,  Education  and  V/elfare 
appointed  a representative  and  an  alternate  to  the  Coordinating 
Committee  of  the  Grand  River  Basin  Comprehensive  Study  by  a letter 
dated  December  20,  1962.  The  District  Engineer,  U.  5.  Amy  Engineer 
District,  Detroit,  Michigan  in  a letter  dated  May  22,  1963  specifi- 
cally requested  the  assistance  of  the  Department  cf  Health,  Education, 
and  Aelfare.  The  Department  was  requested  to  study  and  to  prepare  a 
report  concerning  the  water  supply  and  wastewater  disposal  aspects 
in  the  Grand  River  Basin,  Michigan. 


The  water  supply  portion  of  this  study  was  made  in  accordance 
th  the  Memorandum  of  Agreement,  dated  November  4,  1958,  between 
the  Department  of  the  Amy  and  the  Department  of  Health,  Education, 
and  A'elfare  relative  to  the  V/ater  Supply  Act  of  1953,  as  amended 
(43  C.S.C.  390b).  The  water  quality  control  aspects  are  considered 
i;nder  authority  of  the  Federal  A'ater  Pollution  Control  act,  as 
amended  (33  U.S.C.  466  et.seq.).  Responsibility  for  these  activities 
was  transferred  from  the  Department  of  Ilealth,  Education,  and  '.'.'elfare 
to  the  Department  of  the  Interior  by  Reorganization  Plan  No,  2 of 
1966,  effective  May  10,  1966. 

Purpose  and  Scope 


This  report  presents  an  action  program  of  water  pollution 
control  geared  to  provide  high  quality  waters  in  the  Grand  River 
Basin,  Michigan  through  abatement  of  existing  pollution,  and  to 
provide  continuing  control  cf  pollution  through  actions  scheduled 
in  anticipation  of  future  problems.  This  report  and  resulting  pro- 
gram have  been  developed  from  information  on  present  water  quality, 
water  uses  and  trends  in  water  usage,  present  and  anticipated  future 
waste  loads,  the  existing  and  projected  population  and  economic 
growth,  and  other  relevant  facts.  . 
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The  area  (See  Figure  1-1)  witnin  the  scope  of  this  appendix 
includes  the  Grand  River  and  the  entire  watershed  tributary  to  the 
Grand  River.  V/ater  qualitv  conditioi.j  in  the  adjacent  water  of 

l.ake  Michigan  at  the  mouth  of  tne  Grand  River  are  also  considered, 
as  well  as  the  effects  of  Grand  River  discharge  on  Lake  Michigan  as 
a whole.  Water  quality  problems  of  inland  lakes  are  not  covered. 
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Location 


T?  •'  Mi-and  River  Basin  is  located  in  the  south-central  part 
of  the  lower  peninsula  of  Michigan.  The  Basin  contains  a drainage 
area  of  s(^uare  miles.  It  is  approximately  135  miles  long  and 

miles  at  its  maximum  upstream  width. 


Hyd  rology 


The  Grand  Rive"  originates  in  the  northeast  C(;rner  of 
Killsdale  County  some  15  miles  south  of  Jackson,  Michiran.  Six 
magor  trihutaries  are  the  principal  contributors  to  runoff  in  the 
f'lasin.  The  Flat,  Rogue  and  Maple  Rivers  enter  the  main  stream  from 
the  nort-';,  the  Thornapple  iliver  from  the  south,  and  the  Jxjokingglass 
and  Cedar  Rivers  from  the  east.  These  six  streams  together  with  the 
Portage  ;iiver  near  Jackson  comprise  a total  of  some  3,200  square 
miles  of  drainage  area.  The  remaining  drainage  area  is  accounted 
for  by  about  30  minor  tributary  creeks,  ranging  in  size  from  65 
square  miles  down  to  2 square  miles. 

Table  2-1 


Drainage  areas  - Grand  River  Basin 


River 


Drainage  area 
(Square  Miles) 


r-’crtage  1B6 
Cedar  463 
Lookingglass  312 
Map] e 775 
Flat  562 
Thornapple  845 
Rogue  255 
Other  Tributaries  2,174 


Grand  River  Total  5,572 

Strcamflows  at  specific  gage  Icca^dons  are  given  in 
Table  2-2. 
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Table  2-2 
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■“■Regulation  by  upstream  control  structures 


Topography  and  Soiia 

The  surface  of  the  Basin  is  covered  with  glacial  deposits 
with  bedrock  outcropping  at  only  two  or  three  locations.  The 
glacial  debris  consists  primarily  of  sands  and  gravels  on  the 
terminal  moraines,  the  outwash  plains  and  the  till  plains.  Clay, 
fine  sand,  silt  and  finely  ground  lime  are  found  in  the  old 
glacial  lake  beds.  The  loamy  sands,  clays  and  muck  soils  are 
prominent  throughout  the  valley  and,  because  of  their  fertility 
and  favoraile  texture,  produce  high  yields  of  crops. 

The  average  annual  tea^wrature  in  the  watershed  la  about 
49 *F.  Mean  monthly  temperatorea  range  from  a low  of  approximately 
25 *F  in  January  to  72 *F  in  July.  Moan  monthly  precipitation  ranges 
from  a low  of  1.74  inches  in  February  to  a high  of  3 >5  Inches  in 
May,  with  an  average  annual  praelpitaitlon  of  32.9  inches  (3). 

Population 

The  Grand  River  Basin  had  a I960  population  of  about  950,000. 
This  estimate  is  based  on  an  analysis  of  basin  population  by  minor 
civil  subdivisions.  The  population  of  the  Basin  has  grown  at  a 
faster  rate  than  the  Nation  since  1940,  increasing  by  more  than 
300,000  in  that  period.  In  I960,  67  percent  of  the  Basin's  popula- 
tion was  municipal.  The  major  cities  in  the  Basin  include:  Grand 

iiapids  (1T3,300),  Lansing  (107,800),  Jackson  (50,700),  and  Wyoming 
(45,800).  Table  2-3  shows  the  I960  total  and  municipal  population 
of  the  Basin  and  the  projected  populations  for  the  years  1980  and 
2020. 


Table  2-3 

Present  and  Projected  Populations 
Grand  River  Basin 


i960 

1980 

2020 

Total 

Municipal 

Total  Municipal 

Total  Municipal 

V 50, 000 

640,000 

1,300,000  940,000 

2,300,000  2,000,u00 

ilconomy 

The  Grand  River  includes  all  or  major  parts  of  eleven  Michigan 
Counties . (Barry,  Clinton,  Eaton,  Gratiot,  Ingham,  Ionia,  Jackson, 

Kent,  Montcalm,  Ottawa  and  ohiawassee).  Manufacturing  is  the  pre- 
dominant economic  activity  in  this  eleven  county  area  which  approximates 
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the  Basin. ‘ In  1963,  value  added  by  manufacture  totalled  il.7 
billion.  Ma.ior  industries  in  the  area  include  transportation 
equipment,  fabricated  metals  ;rid  furniture  and  fixtures.  Table 
2-4  shows  trends  in  value  added  and  manufacturinr  employment.  Manu- 
•.■Hcturinf  emplc^Tnent  has  increased  to  over  150,C.OC  in  1966. 

Table  2-4 

Value  Hdded  by  Manufacture 
(In  /-1959  Constant  Dollars)  and  Manufacturing 
iimrlo\’ment  for  the  Eleven  County  Area 

^ 12^  1218  1963 

V.2i(iliX)0s)  840,0(X'i  1,250,000  1,140,000  1,680,000 

?'f(T.  Emplovnent  121,622  127,365  113,954  130,056 

Projections  of  population,  manufacturing  emplo:/ment  and  pro- 
ductivity increases  indicate  that  industrial  activity  in  the  Basin 
may  be  expected  to  increase  six  to  seven-fold  by  the  year  2020. 

■•igriculture  is  diversified  in  the  Basin  with  dairying,  live- 
stock raising  and  cash  grain  fanning,  all  relatively  important. 
Latest  estimates  indicate  there  are  about  300,000  cattle  and  calves 
in  t’’e  basin. 


2-3 


A 


SECTION  3 

WATER  UEE^j  AND  WATER  QUALITY  REQUIltEMENTS 


Water  Quality  Standards 

V/ater  quality  standards  relevant  to  this  study  are;  1)  the 
State-Federal  standards  for  Lake  Michigan,  which  is  an  interstate 
I ody  of  water,  established  pursuant  to  the  Federal  Water  Pollution 
Control  Act;  and  2)  standards  established  by  the  State  of  Michigan 
for  the  intrastate  Grand  River  and  its  tributaries  (5).  While 
formal  approval  of  the  latter  by  the  Federal  government  is  not  man- 
datory, they  are  accepted  by  mutual  agreement  as  defining  the 
objectives  of  a water  quality  control  program  for  purposes  of  this 
study.  Applicable  intrastate  standards  as  promulgated  by  the 
Michigan  Water  Resources  Commission  are  set  forth  below. 

Water  Supply 

(1)  All  esisting  public  water  supply  intakes  in  normal  daily  use 
will  be  protected  for  Domestic  Water  Supply  at  the  point  of  intake. 
The  following  waters  will  be  protected  for  Domestic  VJater  Supply: 

Grand  River  at  Grand  Rapids 
Rogue  River  at  Rockford 

(2)  All  public  waters  will  be  protected  for  Industrial  Water 
Supply. 

Recreation 

(1)  All  natural  lakes  will  be  protected  for  Total  Body  Contact. 

The  following  impoundments  will  be  protected  for  Total  Body 
Contact : 


Water  Impounded 


Name 

or  Used  for  Total 
Body  Contact 

Co\mty 

Area  to 
be  Protected 

Ada  Lake 

Thornapple  River 

Kent 

From  head  of  Ada  Dam. 

Cascade  Lake 

Thomapple  River 

Kent 

Upstream  to  headwaters 
of  Cascade  Lake  (48th 
Street). 

Fallasberg  Dam 

Flat  River 

Kent 

- 

Grand  River 

Grand  River 

Ottawa 

Eastmanville  down- 
stream to  l60th  Ave. 

Grand  River 

Grand  River 

Kent 

Plainfield  Road  bridge 
downstream  to  lower 
limits  of  Comstock 
Riverside  Park. 
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Water  Impounded 
or  Used  for  Total 

firea  to 

Name 

Body  Contact 

County  be  Protected 

Ionia  Recreation 

T6N,  R3W,  NW  1/4 

vrea 

Sessions  Creek 

Ionia  Dec.  3 downstream 

to  dam. 

lake  Geneva 

Lookingglass  River 
(not  impounded) 

Clinton 

Lake  LeAi,n 

Grand  River 

Hillsdale 

lake  Victoria 

Alder  Creek 

Clinton 

Mar.itoon  Lake 
Moore's  Park 

Unnamed  Creek 

Shiawassee 

Impoundment 

Grand  River 

Ingham  Waverly  Rd.  downstream 

to  dam. 

dleepy  Hollow 
Reservoir 

Maple  River 

Clinton  Jason  Rd.  downstream 

to  dam. 

dpringbrcok 

lake 

Springbrook  Ck. 

Shiawassee 

Thornapple  Lake 
Webber  Dam 

Thornapple  River 

Barry 

Impc’ondment 

Grand  River 

Goodwin  Rd.  downstream  to  dam. 

There  are  certain  waters  which,  due  to  physical  hazards, 
have  not  been  designated  for  total  body  contact.  If  these  waters  in 
the  future  become  suitable  for  this  use  through  removal  of  these 
hazards  the  waters  will  be  reconsidered  for  total  body  contact  use. 

(2)  All  public  waters  will  be  protected  for  Partial  Body  Contact. 

Fish,  Wildlife  and  Other  Aquatic  Life 

all  waters  designated  under  the  authority  of  P.A.  26  of  1967 
by  the  Director  of  the  Michigan  Department  of  Conservation  will  be 
protected  for  Intolerant  Fish,  cold  water  species,  (trout) 

The  Grand  River  will  be  protected  for  anadromous  fish 
migration  from  its  mouth  upstream  to  the  6th  Avenue  dam  at  Grand  Rapids. 

All  public  waters  will  be  protected  for  Intolerant 

Fish,  warm  water  species  except  the  following  which  will  be  protected 
for  Tolerant  Fish: 

Deer  Creek  - Grand  Trunk  and  V/estem  Railroad  bridge  in 
Coopersville  downstream  to  confluence  with 
the  Grand  River. 


k 
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Grand  Hjver  - Jackaor,  wiatewater  treatment  plant  di^vm- 
stream  to  d.S.  127  expressway  bridpe. 


Grand  River  - Moore's  Fark  dam  downstrean  to  upper  dam 
in  Grand  Ledge. 

Plastic  Creek  - 28th  5t.  bridge  in  Grand  Rapids  downstream 
to  confluence  with  the  Grand  River. 

Red  Cedar  River  - Harrison  Rd.  bridge  downstream  to  con- 
fluence with  the  Grand  River. 

agricultural 

Jill  public  waters  will  be  protected  for  Agricultural. 

The  above  designated  uses  are  not  intended  to  be  applicable 
to  drainage  ditches.  However,  Act  245  of  the  Public  Acta  of  1929, 
as  amended,  prohibits  unlawful  pollution  of  any  waters  of  the  State 
of  Michigan. 

It  has  been  and  continues  to  be  the  policy  of  the  Water 
Resources  Commission  to  abate  existing  pollution  and  prevent  the 
occurrence  of  future  pollution  of  all  waters  of  the  state  including 
drainage  ditches. 

There  are  stretches  of  streams  within  the  Grand  River  drainage 
area  where  natural  water  quality  may  at  times  be  lower  than  certain 
parameters  of  water  quality  standards  specified  for  a designated  use. 
However,  it  is  intended  that  the  water  quality  for  a designated  use 
be  maintained  except  in  those  instances  where  because  of  natural  con- 
ditions the  quality  is  lowered. 

The  water  quality  standards  for  the  designated  use  areas 
shall  not  apply  during  periods  of  authorized  dredging  for  navigation 
purposes  and  during  such  periods  of  time  when  the  after-effects  of 
dredging  degrade  water  quality  in  areas  affected  by  dredging.  (Water 
quality  standards  for  the  designated  use  shall  apply  in  areas  utilized 
for  the  disposal  of  spoil  from  dredging  operation.) 

Where  the  waters  of  the  Grand  River  Basin  are  classified 
under  more  than  one  designated  water  use,  it  is  intended  that  the 
most  restrictive  individual  standards  of  the  designated  water  uses 
shall  be  adhered  to. 

The  use  designations  adopted  by  the  Commission  are  in  all  cases 
minimal  and  are  not  to  be  interpreted  as  a license  to  cause  injuries 
declared  to  be  unlawful  by  act  2a5,  i’.a.  1929,  as  amended,  or  to  do 
any  other  unlawful  act.  "The  Tclerant  Kish,  warm-water  species  use 
designation  will  apply  only  until  January,  1974,  by  which  time  the 
waste  disposal  situations  involved  are  to  have  Veen  placed  before  the 
Water  Resources  Commissior  foy  critical  reconsideration,  with  a view 
toward  the  application  of  higher  quality  use  designations." 
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Ir.t  ov:’,i ate  Jr..'indar«i5 


Viator  '^ualit;,'  cf-ntr  1 plar.nir.,;'  in  tne  Grand  River  hasin  r.ust 
ror.jider  loth  ir.tralaain  ro'iuirements  and  t.he  effecto  of  the  Grand 
Itivor  cn  Lake  Michipan  and  (1  own  at  rear-,  waters,  ‘.'ct  only  have  inter- 
s'ate  standards  leen  estallished  for  lake  Michipan,  tut  there  is  i 

an  nn.fcinr  Kodera] -dtate  enforcerr.ent  action  for  the  Lake  and  its 
tritutary  tasin.  AprlicaVle  provisions  cf  the  interstate  standards 

and  their  asocciated  ir.pleiaentatior.  plans,  as  well  as  initial  and  j 

sn:  seq\ier.t  actions  cf  conferees  and  the  secretary  of  the  Interior  I 

ir:  the  enforcement  prrceedinps,  are  hindinp  upon  a water  quality 

control  prcprar.  for  the  Grand  River  Basin  (6). 


Pres ent  and  Future  Water  Uses 


Municipal  Water  Supply 

In  1963  there  were  5L  comraunities  in  the  Grand  River  Basin 
served  by  conmunity  water  supply  systems.  These  facilities  served 
an  estimated  population  of  531,000  and  supplied  water  at  the 
average  rate  of  B9  million  gallons  per  day  (mpd).  Of  this  total, 
approximately  45  mgd  were  supplied  for  domestic,  public  and  commer- 
cial uses  and  43  mgd  were  supplied  for  industrial  use.  Table  3-2 
summarizes  municipal  water  use  data  for  the  Grand  River  Basin. 

TaBLE  3-2 

Total  Water  Intake  - Municipal  ’Water 
dystems.  Grand  River  Basin  (1963) 


dource 


Population  derved 


Water  Intake(mgd) 


durface  i.ater 
Ground  Water 


214.000 

320.000 

534,000 


35 

54 


d9 


M'unicipal  water  demands  for  the  major  water  service  areas 
and  projections  to  the  years  1980  and  2020  are  presented  in  Table 
j-3.  The  projections  are  based  upon  considerations  of  population 
growth,  anticipated  industrial  expansion  and  projected  industrial 
water  use  efficiency. 
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Munic ipal 

TnPlu:,  3-3 

Water  Demands  19^>3  and  Projections 
to  1980  and  A020  (MGD) 

Gource  of  Population  1963 

1980 

2020 

Gervice  Area 
Grand  i.apids'**' 

Water'**^ 

G,o, Lake 
Michigan 
A Grand  R. 

Gerved(l963  ) 
252,000 

Demand 

(mgd) 

40.7 

Demand 

Tmgd) 

68 

Demand 

(MGD) 

131 

Lansing^ 

G 

127,000 

22.4 

40 

112 

Jackson 

G 

55,000 

10.5 

16 

30 

Grand  Haven 

G 

11,000 

3.3 

5 

11 

Greenville 

G 

7,450 

1.4 

2 

4 

Hastings 

G 

7,320 

0.3 

1 

3 

Ionia 

G 

6,t'00 

1.0 

2 

3 

Gt.  Johns 

G 

5,900 

1.0 

2 

3 

Grand  Ledge 

G 

5,770 

0.6 

1 

2 

nil  Others 

- 

58,000 

7.3 

28 

61 

Basin 

Total 

534,000 

89 

165 

360 

Tncluder,  Wyoming,  Grandville,  and  East  Grand  iiapids. 
-:k<-  Includes  East  I^nsing  and  Lansing  Township. 

3 = surface  water  source,  G = ground  water  source. 


Jelf-s-upplied  Industrial  Water 

Based  on  data  provided  ty  the  U.  G.  Bureau  of  the  Census 
in  a special  tahulaticn  for  the  FWPCA,  it  has  been  determined  that 
the  major  demand  for  self-supplied  industrial  water  in  the  Basin 
in  the  Grand  Rapids,  Lansing,  and  Jackson  areas  as  shewn  in 
Table  3-L.  i'rc jections  contained  in  Table  3-L  were  developed 
following  consideration  of  anticipated  increases  in  industrial  out- 
put and  water  use  efficiency. 

TABLE  3-L 


oelf-Gupplied  Industrial  VJater  Demands 
1959  and  Projections  to  198C  and  2020 


Gervice  Area 

1959  Demand (mpd) 

1980  Demand (mgd) 

2020  Demand (mgd) 

Grand  P.apids 

5 

8 

14 

Lansing 

2 

3 

6 

Jackson 

6 

9 

14 

i 

\ 


■t! 

rj 

'i 


1 
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iiecreation 


The  study  area  aV'Cur.  is  with  natural  resources  for  v;ater- 
criented  outdoor  recreation.  There  are  many  lakes  in  the  study  area 
which  provide  excellent  recreational  potential.  Tlie  eastern  shore 
of  Lake  Michipan  arcnjnd  Grand  Haven  offers  a great  opportunity  for 
water-oriented  recreation.  However,  a number  of  the  streams  and 
stream  secto;  ^ within  the  study  area  are  degraded  in  water  quality 
to  the  point  that  they  are  not  availatle  for  most  recreational 
pursuit '. 

The  Bureau  of  Outdoor  Recreation  has  identified  areas  of 
serious  water  recreation  impairment  d\ie  to  water  pollution  (7).  In 
general,  the  impaired  areas  are  the  harbor  water  at  Grand  Haven,  the 
downstream  end  ''f  the  Portage  Pdver,  and  the  Grand  River  below 
Jackson,  Lansing,  and  Grand  Rapids. 

The  State  of  Mi : nigan  has  identified  potential  parks  and 
camip  grounds  and  is  contemplating  the  construction  of  reservoirs 
for  recreational  purposes  (7,3).  The  need  to  control  water  pollution 
at  all  such  facilities  is  paramount  since  such  pollution  could  well 
jeopardise  the  very  water  uses  for  which  the  facilities  are  being 
planned . 

Irrigation 


In  the  Upper  Grand  River  Basin,  above  Ionia,  specialized 
crops  such  as  mint  account  for  the  greatest  acreage  receiving  irri- 
gation. These  are  followed  by  potatoes,  field  crops,  cucumbers, 
pickles,  and  melons.  Hon-agricultural  irrigation  (golf  courses, 
oem.eteries,  parks,  etc.)  accounted  for  740  of  the  48CX)  acres  irri- 
gated in  this  part  of  the  Basin.  The  overall  results  of  Michigan 
■later  Resources  Commission  irrigation  surveys  indicate  that  there 
were  23  mere  irrigation  systems  and  28%  more  acres  irrigated  in 
the  Upper  Grand  River  Basin  during,  I96O-6I  than  there  were  in 
195"-53  (^). 

In  the  IxDwer  Grand  River  Basin  truck  crops  accounted  for 
ab.out  35!”  of  the  agricultural  irrigated  acres  with  raspberries, 
blueberries,  flowers  and  nurseries  also  having  significant  acreage 
in  irrigation.  Of  the  estimated  total  of  65OC  acres  receiving 
irrigation,  cem.eteries,  parks  and  golf  courses  accounted  for  about 
300  acres  (9 ) . 

The  1959  water  usage  for  irrigation  in  the  Grand  River  Basin 
was  estimated  to  average  3.5  mgd  during  the  growing  season (10),  It  is 
anticipated  that  this  usage  will  increase  threefold  by  1930. 

However,  even  with  such  an  increase  the  demand  on  existing  water 
resources  will  be  miner  compared  to  the  total  water  usage  in  the 
Basin. 
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“-L.ih  iir.a  A v-Ji-c-ic  J^ife 

There  a”-'  .'■/  r.i’es  ;f  iT.ain  strea-r.  charnels  in  the 

tapper  Gr;and  iJivor  r^sin  ve  Ionia.  This  ^.icindes  the  Grand, 

N'.aple,  Lookingrlass,  Cedar,  jnd  Pcrtap'e  Rivers.  This  srstem  offers 
many  opportunities  for  fishinp  and  duck  huntinr.  a nuirie'^  cf 
reservoirs  at  power  dams  furnish  expanded  fishinp  and  hunting 
opport'orities  ( " ' . 

In  tne  Grand  !(iver  liasin  there  are  12  otate  Game  Project 
ireas  where  puHic  huntinr  and  fishinr  cppcrt unities  are  provided, 
Fishinr  cppcrtunities  exist  at  the  Grand  Haven  otate  Park.  Public 
fishing  sites  are  available  at  48  lakes  and  streams  in  the  Easin 
with  an  a"ea  cf  a\  cut  2,100  acreas  and  frontage  cf  about  21,£0C  ft. 
Over  250, CCO  fish,  including  trout,  bass,  pike  and  bluegills  'were 
planted  during  19^2  in  1C  counties  within  the  Basin  (11). 

'■ildlife  and  Stock  V.'atering 

T'..e  19‘)‘‘  agricultural  water  u.se  '’rr  stcci-  -watering  in  the 
Grand  River  -asin  v;as  about  3.5  mgd  (l").  Prcjecticns  cf  this  usage 
indicaue  that  the  demand  v;ill  increase  l’  times  !y  I98C.  fhe  use 
of  -water  for  wildlife  and  stock  'watering  d^es  not  play  a significant 
role  in  the  water  -supply  problems  of  the  Tasir. 


H;/dro  power 

As  of  1965  there  were  12  hydroelectric  power  plants  in 
the  Basin,  with  a total  installed  capacity  of  13,5uO  kilowatts  (Hv) 
and  a total  average  annual  generation  of  4fc,4C0  megawatt  hours 
(i-".’H).  Five  of  the  plants  are  located  on  Thornapple  River,  two  are 
located  on  the  r'lat  River,  one  is  located  on  upring  Brook  and  four 
are  located  cn  the  main  stem  of  the  Grand  River.  Five  potential 
hydroelectric  sites  cn  the  Grand  River  have  been  identified  by  the 
Federal  Power  Commission.  The  sites  are  located  at  Grand  Rapids, 
Garanac,  Portland,  McGee  and  Ganby  and  would  have  a total  potential 
canacity  of  18.700  KW  and  a total  average  annual  generation  of 
65',40G  M.-/H  (12). 

The  use  of  -A-ater  for  h'.'droelectric  power  generation  is  not 
considered  to  be  a major  use  in  the  Basin.  However,  -water  quality 
problems  may  develop  from  the  operation  cf  such,  plants,  particularly 
below  dams  during  off-peak  power  de.’vinds  when  water  releases  may  be 
drastically  reduced.  This  can  be  seen  in  reviewing  Table  .--2. 
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Cciijnerciaj  .jiiippin^ 

Grand  Haven  is  one  of  l^ke  Michigan's  ma,-)or  ccmmercial  harbors 
current] y handling  in  excess  ^,f  2'  nillicn  tons  of  commerce  annually. 
Harter  vessel  traffic  has  avei-aged  2.9  million  tons  for  the  period 
while  during  19fc>4  the  traffic  was  2.6  million  tons.  The 
! harl'or  is  located  at  the  mouth  of  the  Grand  Hiver.  A shallow-draft 

’ I'.arge  channe''  ext.ends  about  IS  miles  up  the  Grar;d  River  serving  com- 

mercial sa/.u  and  rravei  deposits,  located  near  the  channel's  upper 
I end  ( 1 ^ ) , 

; Gocling  i'.ater 

[ -ts  of  196s  the  Federal  lower  Ccmmissicr.  repented  that  there 

I are  It  thermal  electric  power  plants  in  the  Basin.  Table  3-5  suir- 

, marizes  data  relatinr  to  capacity  and  cooling  water  intake,  when 

operating  at  capacity,  at  each  of  the  If  steam  clants.  There  are 
I also  u internal  combustion  plants  in  the  Basin  with  ar  installed 

I capacity  of  28,BuO  KVv'. 


TrtBlll  3-5 

Water  Intake-Steam  Power  Plants 
Grand  River  Basin 


Installed 

Fst.  Cooli.ng  ! 

location 

Capacity(KW) 

Wat e r T ntak  e ( ~;*d ) i 

Grand  Haven 

20,000 

1 

1 

27  i 

Grar.d  Itapids 

20,000 

2'7 

Grand  Rapids 

. ^o 

1 

Grar.d  P.apid3 

1,2'^ 

2 1 

Ixinsing 

Bl,5(  ' 

Hi- 

lansinr 

262,.  ■ 

353 

last  rinsing 

6 , .■(  1 

- 

Fast  I^nsing 

S 

Faton  Rapids 

l,.-5' 

TV'.e  use  of  water  for  co'  .inr  purposes  in  steam  power  plants 
is  considered  to  be  significant  in  th.e  study  area  with  a high 
level  of  such  use  at  I^nsing.  Most  cooling  waters  are  returned  tc 
streams  12-13“F  warmer  than  it  int  i.«.  Itream  temf>erature3  as  nigh 
as  90“F  have  heen  recorded  belrw  tr-’  :K,w<»r  stations  at  Lansing  (lA). 
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Waste  Assimilation 

Use  of  strc-uns  in  the  Grand  River  Basin  for  waste  assimila- 
tion is  one  of  the  predominant  present  day  uses,  and  in  several 
locations  it  is  the  cause  of  extreme  water  quality  problems  as 
discussed  in  Sections  U and  6. 

Esthetics 

The  use  of  water  for  esthetic  enjoyment  is  an  intangible 
benefit  which  is  directly  related  to  the  availability  of  clean  water. 
It  is  a very  important  factor  in  determining  the  recreational  poten- 
tial of  the  Grand  River  Basin.  Camping,  picnicking,  and  sightseeing 
are  more  enjoyable  when  accompanied  by  pleasing  lakes  and  streams  of 
high  quality  water.  Pollution  robs  the  water  of  its  esthetic  value 
for  such  water  related  activities.  Since  this  Basin  will  le  called 
upon  to  provide  recreation  for  many  people  living,  both  within  and  cut- 
side  the  Basin,  it  is  very  important  that  the  waters  of  the  area  he 
kept  esthetically  pleasing. 

Beyond  its  importance  to  recreation  the  maintenance  of  an 
esthetically  pleasing  habitat  for  the  present  and  future  millions  cf 
residents  of  the  Basin  is  essential  to  the  economic  and  social  well 
being  of  the  area. 
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PRjSSKNT  watch  quality  /iND  PROBLEMS 


Gereral 


Two  profjrama  of  at'xiy  were  carried  out  by  the  GLIRB  Project 
with  reapect  to  water  quality  in  the  Grand  River  Baain.  The  first 
consisted  . weekly  sampling  of  the  river  mouth  to  determine 
average  annual  loadings  discharged  to  the  Lake  cind  water  quality 
variaoi.lity.  The  second  consisted  of  intensive  studies  of  two 
sti-eam  stretches  of  the  Grand  River  to  determine  the  effect  of 
organic  wastes  on  stream  oxygen  resources. 

Grand  River  Mouth  Gampling 


Physical  and  Chemical  Findings 

During  the  period  from  March  1963  through  April  1964,  the 
GLIRB  Project  collected  samples  at  the  mouth  of  the  Grand  River  to 
determine  loadings  of  various  substances  being  carried  into  Lake 
Michigan.  The  analytical  results  of  this  sampling  are  shown  below 
in  Table  4-1.  Of  all  the  chemical  parameters  reported,  the  two 
nutrients,  total  phosphorus  and  ammonia  nitrogen,  are  most  illus- 
trative of  the  waste  inputs  discharged  to  Lake  Michigan  by  the 
Grand  River. 

Considering  all  Lake  Michigan  tributaries,  the  Grand  River 
is  one  of  the  greatest  contributors  of  phosphorus  and  ammonia 
nitrogen  with  inputs  of  17'P  and  6970  pounds  per  day,  respectively. 
In  general,  the  chemical  parameters  for  given  streams  in  the  Lake 
Michigan  Basin  follow  definite  patterns.  In  the  Grand  River, 
phosphorus  and  ammonia  nitrogen  concentrations  are  high  and  a 
pattern  of  high  values  Is  also  seen  for  the  other  chemical  param- 
eters as  shown  in  Table  4-1.  The  Grand  River  is  also  one  of  the 
major  contributors  of  dissolved  substances  to  the  Lake. 
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The  maiirr.um  fhencl  conce^i+.r^^ .'n  cn  the  eastern  side  of 
lake  Michigan  ^as  '’.2  T.icrc  rraxs  per  liter  (ur/1)  close  to  the 
mouth  of  the  Grand  River.  ;!0D‘.  values  as  hip.h  as  8.6  mg/1  were  re- 
corded near  the  mouth,  sn  averare  total  chromium  concentration  of 
O.OU  mg/1  was  fcund  at  the  moutii  of  the  Grand  River.  This  concen- 
tration is  only  slightly  less  than  the  Public  Health  Service  Drinking 
rvater  dtandards(22)  mandatory  limit  of  0.05  tng/1  for  hexavalent 
chromiam  (15). 


Radiochemical  Findings 

The  anal.ytical  results  from  1963  sampling  in  the  Grand  River 
at  the  mouth  are  shown  below  in  Table  L-2. 


Table  4-2 

iiadioactivity 
Grand  River  at  Mouth 
1963  average 


Po rtion  Gross  /U.pha  Gross  Beta 

Concentration  (pc/1)  Concentration  (pc/1) 

Guspended  Solids  <1  4 

Dissolved  Solids  <1  12 

Total  Solids  <1  16 

In  relation  to  the  Public  Health  Service  Drinking  Water 
Standards,  the  concentrations  reported  above  meet  the  Standards. 

However,  a specific  determination  of  the  Strontium  -90  concentration 
would  he  necessar/  in  order  to  verify  that  the  concentration  was  equal 
to  or  less  than  10  picocuries  per  liter  (pc/1).  Past  experience  with 
sim.ilar  waters  shows  that  a very  snail  portion  of  the  gross  beta 
activity  is  from.  Strontium  -90. 

Grand  River  Intensive  Studies 


Physical  and  Chemical  Findings 

The  effects  of  organic  loadings  on  the  oxygen  resources  of  the 
Grand  River  below  Jackson  and  I^ansing  are  indicated  in  the  profiles  of 
the  dissolved  ox'-^gen  (DO)  and  biochemical  oxygen  demand  (BCD)  shown 
in  Figures  4-1  and  4-2, 
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In  Fipui’e  n-1  ti.e  apparent  effects  cf  effhient  aeration  at 
the  Jackson  sowape  t.n.’atnent  plant  are  shown  w:  ‘ h a rise  in  the 
stream  DO  from  a^o\J^  .4  npjl  to  3 mp/1  in  a distance  of  atout  0.3 
mile  helow  the  plant  discharpe.  The  strear';  IJC  concentration  then 
decreases  rapidly  to  a low  of  about  G.J  mp/i  at  a point  about 
miles  below  the  plant  discharge.  The  highest  DO  concentration  in 
the  study  reach,  3.5  mg/1,  was  found  at  a point  atout  19  miles  below 
the  sackson  plant  discharge.  Desirable  fish  and  aquatic  life  cannot 
survive  under  such  degraded  oxygen  conditions. 

In  Figure  4-2  the  high  BOD  levels,  reaching  a maximum  of 
29  mg/1  about  3 miles  telow  the  Lansing  dewage  Treatment  Plant  dis- 
charge, result  in  DO  levels  below  3 mg/1  for  a 19  mile  stretch  below 
the  Lansing  plant.  The  minimum  Dt),  about  O.b  mg/1,  occurs  about  I(..5 
miles  below  the  Lansing  plant.  As  was  the  case  below  Jackson,  de- 
sirable fish  and  aquatic  life  cannot  survive  below  I^nsing  due  to 
the  degraded  ox;/gen  conditions.  The  stream  is  also  unsuitable  for 
other  beneficial  uses. 

Further  demand  on  the  oxygen  resources  of  ttie  Grand  River 
below  Lansing  results  from  the  thermal  discharges  of  the  steam  elec- 
tric generating  stations  at  Lansing.  Increases  in  strear.  temperatures 
below  the  stations  result  in  a higher  rate  of  biological  activity  and 
a more  rapid  uptake  cf  dissolved  oxygen.  The  increased  temperatures 
also  limit  the  total  amount  of  dissolved  oxygen  available  for  waste 
assimilation  due  to  a lowering  of  oxygen  saturation  values. 


The  Grand  River  in  the  stream  reaches  below  Jackson  and 
Lansing  was  also  found  to  be  esthetically  unpleasing  and  objectionable 
for  recreational  uses  such  as  boating,  water  skiing,  and  similar 
aquatic  sports.  The  organic  loadings  causing,  these  polluted  conditions 
originate  from  the  discharges  of  municipal  sewage  treatment  plants. 

The  major  municipal  waste  discharges  are  listed  in  Table  5-1. 

Kic robiological  Findings 

Limited  microbiological  studies  were  conducted  in  conjunction 
with  the  intensive  DO  - BOD  studies  below  Jackscn  and  Lansing, 
analyses  for  both  total  cclifcrm  and  fecal  streptococcus  organisms 
were  made. 

Below  Jackson,  11  samples  were  collected  at  eight  stations 
and  analyzed  for  coliform  and  fecal  streptococci.  Total  colifcnr. 
organism.3  reached  a maximum  density  of  230,000  per  100  mJ..  At  a 
point  about  1.5  miles  helow  the  Jackson  sewage  treatment  plant  dis- 
charge and  0.5  mile  below  the  Prison  plant  discharge.  The  maximum 
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I’ecal  streptococcus  dei.sity  was  6400  organisms  per  100  rrj.  About 
0,5  mile  below  the  Jackson  plant  discharge,  the  maximum  densities 
were  found  in  samples  collected  October  14,  1964. 

Below  Lansing  17  samples  were  collected  at  eight  stations. 
Total  coliform  organisms  reached  a maximum  density  of  930,000  per 
100  ml  duriniJ  the  May  13,  1964  sampling,  at  a point  approximately 
1 mile  be^  w the  Lansing  sewage  treatment  plant  discharge.  The  max- 
imum fpcaa  streptococcus  density  was  found  at  a point  about  5.5 
miles  below  the  Grand  Ledge  sewage  treatment  plant  discharge,  reach- 
ing i2,u00  organisms  per  100  ml  during  the  October  14,  1966  sampling. 

The  bacterial  densities  reported  above  indicate  a high  degree 
of  pollution  most  likely  resulting  from  the  discharge  of  wastes  from 
the  municipal  sewage  treatment  plants  at  Jackson,  the  State  Prison, 
Lansing  and  Grand  Ledge.  Since  January  1967  the  state  has  required 
continuous  disinfection.  The  effectiveness  of  chlorination  in 
reducing  the  high  ccliform  counts  has  not  been  determined. 
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rt'ATER  ^UALT"''  CONTROL 
(WAJTE  SOURCES  AND  CONTROL  MEASURES) 


General 


The  problems  of  water  quality  control  in  the  Grand  River 
Eidsin  are  complex.  Solutions  to  these  problems  will  of  necessity 
involve  a comprehensive  program  which  includes  construction  of 
new  sewerage  facilities;  and  continuous  and  intensive  monitoring 
of  operating  procedures,  treatment  plant  efficiency,  and  water 
quality  conditions  to  determine  necessary  additional  construction 
and  operation  needs  as  they  arise.  In  addition,  some  combination 
of  advanced  waste  treatment  and  flow  regulation  may  be  required 
to  attain  the  desired  water  quality  below  Jackson  and  Lansing.  The 
following  paragraphs  present  information  on  waste  sources,  pro- 
jected waste  loads  and  water  quality  improvement  measures  which 
should  be  employed. 

Waste  Sources 


The  Grand  River  and  the  streams  tributary  to  it  receive  an 
estimated  organic  waste  load  of  32,000  pounds  of  5-day  biochemical 
oxygen  demand  (BOD5)  per  day.  Approximately  15,000  pounds  are  from 
industries  with  separate  discharges.  The  most  significant  waste 
loads  in  terms  of  water  use  impairment  are  discharged  at  Jackson 
and  Lansing. 

The  following  paragraphs  summarize  the  major  waste  sources 
in  the  Basin.  Consequences  of  these  discharges  were  discuss.!  In 
decticn  4. 

Municipal 

Approximately  540,000  people  were  served  by  L'~’  municipal 
sewerage  systems  in  the  Grand  River  Basin  in  1962  (I6). 

Of  the  4'^  municipal  sewerage  systems  18  provide  minor  or  no 
treatment.  Of  the  remaining  29  systems,  9 provide  only  primary 
treatment,  (sedimentation  and  sludge  disposal)  and  20  provide 
secondary  treatment  (primary  treatment  plus  filtration  or  activated 
sludge).  Major  municipal  sewerage  facilities  having  connected  popu- 
lations of  5,000  or  more  are  listed  in  Table  5-1,  and  their  loca- 
tions are  shown  on  Figure  1-1. 


5-1 


>rjNICIPAL  WASTE  IN’VE<\"^ORy  OF  MAJOR  COT^’NITIES 

PiVEH  BASIN  (16) 


Industriil 


Industries  with  separate  outf'ai...  ui--charpe  appr  ximately 
21,000  poiinds  of  BOD^  daily  to  the  ->t  rear. s : f the  Grand  River  Bas.n(l'^J. 
Major  industrial  waste  sources  in  the  Graru  l-.iver  Basin  are  listed 
in" Table  5-2. 

Combined  Gewers 

It  has  been  estimated  that  a quar.tit-',  equivalent  to  3 to  5 
percent  of  all  untreated  waste-water  flov;  in  combined  sewer  systems, 
is  annually  discharged  to  streams  by  overflows  (19).  A far  greater  ) er- 
centage  of  the  solids  are  discharged  to  stre?ims  from  overflows  due 
to  the  fact  that  the  sludge  deposited  in  the  sewers  is  flushed  out 
1 y the  storm  flow. 

Of  the  47  communities  with  public  sewer  systems  in  the  nrea 
only  about  8 have  completely  separate  sewer  systems.  The  types  cf 
sewer  systems  cf  the  major  municipal  wa.jte  source  are  listed  in 
Table  5-3. 
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Ta'pes  of  Municipal  dewer  Jystems 
Major  Municipal  V.'aste  sources 


Municipality 

Grand  iiiver  Basin  ( 2., ) 

Type  of  dewe: 

r System 

Jackson 

Combined 

East  Lansing 

deparate 

and 

Combined 

Ian sing 

separate 

and 

Combined 

Grand  Ledge 

deparate 

and 

Combined 

daint  Johns 

deparate 

and 

Combined 

Hastings 

Ccml ined 

Greenville 

Combined 

Ionia 

deparate 

and 

Combined 

Grand  Rapids 

deparate 

and 

Combined 

Grand  Haven 

Combined 

Power  Plants 

Thermal  discharges  from  two  steam  generating  stations  at 
j^nsing,  Michigan  are  particularly  significant  from  a water  quality 
standpoint.  The  temperatures  of  90°F  reported  by  the  Michigan  dater 
Resources  Commission  were  measured  prior  to  the  installation  of 
additional  generating  capacity  at  Lansing  ( 1.'. ) . IJnle.ss  control  measures 
are  instituted,  the  temperature  standards  for  fish  and  aquatic  life 
will  not  be  maintained. 


5-2 
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kstlmatea  of  fsrtlliier  u«»  tr.  the  rtind  River  Ba«in  are 
that  approxiJBately  8,000  tore  of  rtti-ogen  ar.d  ^ ,0(Xj  tons  of  pho»- 
phonis  are  being  used  annually.  The  applications  of  these  are 
projected  to  incre<i3e  four  and  t»«>-foid.  respectively,  by  2020. 

Ouriiig  1963  - 19b4  the  FWPCA  conducted  a rural  land  runoff 
jaapling  study  to  assess  the  relative  ajnounts  of  phosphorus  and 
other  substances  transported  to  streaiaa  by  rural  ininoff  in  the  Lake 
Hichigan  Watersned.  Based  upon  the  results  of  this  study,  it  is 
estimated  that  there  is  an  annual  total  soluble  phosphorus  runoff 
from  rural  land  of  about  100,000  pounds  per  year  in  the  Grand  River 
Basin. 

Pesticides 

Pesticide  contamination  of  streams  is  a matter  of  growing 
concern.  Agricultural  activity  is  considered  to  be  a major  source 
of  the  pesticides  which  have  been  found  in  water  (22).  Insecticides 
useo  in  the  Grand  River  Basin  include  Diatinon,  Guthion,  Malathion, 
Parathlon,  Sevin,  Thiodan,  and  Toxaphene.  The  general  use  of  DDT 
has  been  banned  in  the  State  of  Kichigan.  Unfortunately,  there 
is  little  or  no  information  available  as  to  the  imounts  that  are 
used  in  the  Basin.  The  Pour  State-Federal  Lake  Hichigar,  Enforcement 
Conference's  Pesticide  Committee  recommended  a monitoring  program 
for  the  entire  Basin,  This  program  is  being  ^iplcusented  by  the 
states  and  the  FWPCA.  The  data  thus  obtained  will  provide  a basis 
for  control  measures  to  insure  protection  of  the  basin's  wildlife. 

Ihibs  and  Boats 

Commercial  Jhipping 

The  large  number  of  vessels  plying  Grand  Haven  Harbor 
represents  a considerable  potential  for  pollution  of  the  Harbor 
waters.  Among  the  possible  sources  of  pollution  are  cargo  spill- 
age, dunnage,  bilge  waste,  ballast  water,  fuel  spills,  garbage  and 
sanitary  wastes.  Uncontrolled  discharges  of  these  wastes  can 
result  in  serious  pollution  problems  to  beaches,  shore  property, 
recreational  waters,  fish  and  aquatic  life,  and  municipal  and  in- 
dustrial water  supplies. 

ConBerclal  shipping  hog  Incrsaasd  significantly  sines  the  open- 
ing of  the  St.  Lawrence  Seak”;y  In  19*)‘>.  kihile  all  new  vessels  built 
since  1952  specifically  for  use  on  the  Great  Lakes  have  be«n  equipped 
with  waste  treatment  facilities,  ocean-going  ships  generally  have  no 
provisions  for  waste  treatment.  Tne  majority  of  these  ocean-going 
vessels  are  designed  to  discharge  sanitary  wastes  from  multiple  outlets. 
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The  1;.  6.  PuHic  m * t):  oerv;_cf  j established  regulations 
governing  vessel  waote  di'-  , irges  in  tnf  .-jat  Lakes  LdSed  upon 
their  legal  resporsii  j lit;,  in-  tne  i.-- • -‘"st  ite  centre;  o;'  cc.-anunicahle 
diseases.  Hestricted  areas  ) a-je  h-  - -tahlished  in  -«(hich  the  dis- 
charge of  sewage,  rr  hallast  or  ’ t,  water,  from  vessels  is  pro- 
hibited. Restricted  areas  inciuue  ^ .e  water  within  a three  mile 
radius  of  domestic  water  intakes(.'3  1.  Additional  controls  were  recem- 
nended  by  the  - nferees  t . tne  Four  dtate-Federal  Lake  Michigan 
Enforcement  Conference. 


Recreational  hoats 

In  addition  to  commercial  traffic.  Grand  Haven  Harbor  is 
also  an  important  recreational  boating  center.  About  LOGO  recrea- 
tional craft  annually  are  passed  through  the  Spring  Bridge  which 
.^oins  Ferrysburg  and  Spri.ng  Lake.  There  are  n-imerous  marinas  and 
boat  clubs  along  the  lower  part  of  the  Grand  River.  f-Ian;i  of  the 
larger  recreational  craft  are  equipped  with  galley  and  toilet 
facilities  -which  may  discharge  untreated  or  inadequately  treated 
wastes  to  the  Harb-or  or  Lake  waters.  Oil  and  gasoline  wastes,  as 
•well  as  garbage  and  sewage  from  onboard  cooking  and  toilet  facilities, 
are  the  major  potential  sources  of  pollution.  The  State  of  Michigan 
has  recentl;.'  adopted  rules  and  regulations  to  control  pollution  from 
this  source.  These  rules  became  effective  on  January  1,  1970, 

Dredging 

Maintenance  dredging  is  done  by  the  U.  S.  Army  Corps  of 
Engineers  to  maintain  authorized  navigation  depths  in  Grand  Haven 
Harbor.  Dredged  materials  are  disposed  of  in  the  deep  waters  of 
Lake  Michigan. 

Water  qualit.v  surveys  made  in  196?  by  the  FWPCA  showed 
significant  evidence  of  pollution  material  in  the  bottom  deposits 
of  Grand  Haven  yiarbe-.  Transfer  of  this  nollutional  material  to 
Lake  Michigan  via  the  dredging  process  creates  an  additional  zone 
of  pollution  in  the  I.ake. 

Through  a joint  statement  announced  March  1,  1967,  the 
Department  of  the  ..trr.y  and  tt'.e  Departmient  of  the  Interior  agreed  or. 
a program,  and  plan  for  attack irig  the  problem,  of  the  disposition  of 
polluted  material  dredged  from  harbors  in  the  Great  Lakes.  It  was 
agreed  th-at  , in  order  t>  munintair.  ravigatirn,  the  Corps  of  Engineers 
•would  proceed  -with  dredging  in  : a.er.lar  ■■•ear  lq6f  on  61  channel  and 
harbor  projects  in  the  Great  iake.-:.  Creps  also  initiated  a two- 

year  pilot  prrpram  earl;.'  in  1-/''’  ' t-'  •■.'p  a’ *•■. -native  disposal 

.m.ethcds  which  would  lead  *r  a r-  •'•  i • - • i an  action. 


Sources  of  Phoschorua 


Transport  to  StreJJes  and  Lakes  fron 
Rural  Lands 

TV.e  axsount  of  soluble  phoaphorue  reaching  streaos  from  land 
runoff,  In  the  Grand  River  Basin,  as  estimated  from  samples  taken 
on  pilot  watersheds,  as  previously  discussed,  is  about 

1/>1,000  pounds  annually.  Although  there  are  many  factors  which 
affect  phosphorus  contributions  from  rural  areas,  including  methods 
of  applying  fertilisers,  quantities  applied,  type  of  soil, 
graphy,  rainfall,  land  use  practices  and  soil  cover,  it  is  believed 
that  the  results  obtained  are  reasonably  representative  of  the 
Grand  River  Basin. 

Municipal  Sources 

Lcnestic  sewage  is  relatively  rich  in  phosphorus  compounds. 
Most  of  this  phosphorus  comes  from  human  excreta  and  sjT.thetic 
detergents.  The  amount  of  phosphorus  released  by  human  metabolic 
processes  is  a function  of  protein  intake  and  for  the  average  person 
in  the  United  States,  this  release  is  considered  to  be  about  1.5 
grams  per  day  (24).  Synthetic  detergent  formulations  contain  large 
amounts  of  phosphorus.  It  is  estimated  that  2.5  grams  of  phosphorus 
per  capita-day  are  discharged  to  sewer  systems  as  a result  of  the 
use  of  synthetic  detergents. 

V.T-.en  the  above  per  capita  figures  for  phosphorus  from  human 
excreta  and  detergents  are  expanded  to  cover  the  entire  sewered 
population  of  the  Grand  River  Basin  the  quantity  becomes  quite 
large.  Data  from  waste  inventories  show  that  540,000  people  are 
served  by  sewer  systems  in  the  Basin.  It  is  estimated  that  a total 
of  approximately  1,100,000  pounds  of  soluble  phosphorus  from  humans 
and  detergents  are  discharged  to  the  waters  of  the  Basin  each  year. 

Tributary  Mouth  Sampling 

In  addition  to  the  land  runoff  sampling  from  the  eight 
small  subbasins  discussed  above,  sampling  stations  were  established 
at  the  mouth  of  the  Grand  River.  These  stations  were  sampled  in- 
termittently for  one  year  during  the  same  period  in  which  the  land 
runoff  stations  were  sampled. 

Sampling  at  the  mouth  made  it  poaaibla  to  Mtlmata  tha 
total  phoaphorus  load  reaching  Lake  Michigan  from  the  Grand  River. 

It  was  determined  that  a total  of  approximately  648,600  pounds  of 
phosphorus  is  discharged  to  the  Lake  annually. 
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Municipal  Waate  Treatmani.  *Jeocla 


The  ijamediate  goal  In  the  tre-  tJoent  of  municipal  waatea  la 
the  proTlsion  of  biological  seconds'll  treatment  or  Ita  equivalent 
at  each  waste  treatment  piano.  Such  treatment  la  the  mlniiiium  con- 
sidered adequate  in  terms  of  present  technology.  Thia  need  la 
especially  important  in  those  areas  whore  consideration  la  being 
given  to  low-flow  augmentation  to  assist  in  maintaining  water  qual- 
ity stands  -^Is.  Augmentation  cannot  be  considered  as  a substitute 
for  seco'idary  treatment.  There  ia  also  a present  need  to  increase 
total  ffiosphorua  removal  to  at  least  80%  as  recommended  by  the 
Four  State-Federal  Enforcement  Conference  on  the  Pollution  of  Lake 
Michigan  and  its  Tributarj’  Baain.  All  municipal  waste  treatment 
facilities  in  Michigan  are  required  to  provide  waste  disinfection 
on  a year  around  basis. 

Industrial  Waate  Treatment  Needs 

Minimum  treatment  needs  for  major  industries  with  separate 
outfalls  are  listed  in  Tables  5-4.  In  developing  this  list  it  was 
considered  that  the  equivalent  of  secondary  waste  treatment  as 
described  in  the  preceding  section  would  be  the  minimum  degree  of 
treatment  required. 


Combined  Sewer  Overflow  Control 

The  need  for  solutions  to  the  problems  caused  by  overflows 
from  combined  sewer  systems  is  pressing  and  is  receiving  much 
current  attention (2J),  The  Water  .Quality  Act  of  19^5  established  a 
four-year  program  of  grants  and  contract  authority  to  demonstrate 
new  or  improved  methods  to  eradicate  the  problems  of  combined  sewer 
overflows. 

'Aliile  economically  feasible  methods  for  solving  the  problems 
are  I eing  developed,  existing  combined  sewer  systems  should  be 
patrolled  and  overflow  regulating  structures  should  he  adjusted  to 
convey  the  maximiOT.  practicable  amount  of  combined  flows  to  and 
through  waste  treatment  facilities.  Combined  sewers  should  be  pro- 
hibited in  all  newly  developed  urban  areas  and  should  be  separated 
in  coordination  with  urVan  renewal  projects. 


i 
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Plant  Operation 

Proper  plant  operatic  n r.ust  follow  proper  plant  design  in 
order  to  efficiently  reach  the  goal„  c*’  water  pollution  control. 

The  importance  and  value  of  proper  lant  operation  must  te  em- 
phasized at  all  levels  of  public  autnority.  Effective  operation 
can  be  encouraged  by  means  of  a routine  inspection  program. 

Inspections  should  be  conducted  by  the  appropriate  Jtate  agencies 
on  at  least  an  annual  basis  for  the  small  and  medium-sized  plants, 
and  at  least  twice  a year  for  the  larger  plants. 

The  Michigan  Department  of  Health  administers  a mandatory 
sewage  treatment  plant  operators'  certification  program,  A similar 
program  for  the  operators  of  all  commercial  and  industrial  waste  treat- 
ment facilities,  administered  by  the  Water  Resources  Commission,  will 
go  into  effect  January  1,  1971,  State  sponsored  operator  training  pro- 
grams are  also  a useful  tool  for  elevating  the  level  of  overall  plant 
performance.  Today,  with  increasing  activity  in  the  field  of  water 
pollution  control  at  the  Federal,  state  and  local  levels,  operator 
training  courses  should  be  conducted  at  least  annually.  The  Michigan 
program,  consisting  of  annual  training  on  a regional  basis,  compares 
favorably  with  the  training  programs  sponsored  by  other  states. 

Monitoring 

The  maintenance  of  desirable  water  quality  on  a continuing 
basis  calls  for  a routine  monitoring  program  covering  the  signifi- 
cant water  quality  parameters  at  strategic  points, 

'The  overall  monitoring  program  should  be  geared  to  provide 
an  adequate  picture  of  all  wastes  being  discharged  to  the  waters  of 
the  Basin  and  adjacent  waters  of  Lake  Michigan  and  serve  to  indicate 
trends  in  water  quality  or  the  need  for  additional  water  quality 
improvement  measures. 

As  part  of  an  overall  monitoring  program  efforts  are  needed 
to  assess  the  potential  problems  associated  with  agricultural 
practices  in  the  Grand  River  Basin,  There  is  a lack  of 
information  concerning  land  use  practices  and  the  quantities  of 
pesticides  and  fertilizers  applied  within  the  Basin,  Reliable 
data  concerning  application  rates  on  a yearly  and  seasonal  basis 
in  each  county  would  be  very  helpful  in  identifying  potential  water 
quality  problem  areas. 

At  present,  water  quality  monitoring  in  the  Grand  River  Basin 
is  conducted  by  three  agencies:  Michigan  Water  Resources  Commission, 

Grand  River  'Watershed  Council,  and  Hicnigan  State  University.  All  of 
these  utilize  PWPCA's  national  water  quality  data  handling  system  - 
STCIiET  - for  the  storage,  retrieval  and  statistical  analysis  of  their 
data.  Approximately  BO  stations  are  presently  being  sampled  within 
the  Grand  River  Basin. 
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^tate  ■-.'ater  Pollution  Control  Propram 

The  Federal  '.'(atf-r  Pollution  Control  Act  recof^r.izea  the  pri- 
mary reaponsil ility  of  the  Ctates  in  the  control  and  prevention  of 
water  pollution.  The  effectiveness  of  a dtate  program,  however,  is 
dependent  upon  adequate  funds  and  personnel  with  which  to  accomplish 
this  mission. 

The  Jtate  of  Michigan  has  achieved  commendable  success  in 
the  centre  1 of  water  pollution  with  the  staff  and  funds  available. 
However,  even  though  much  has  been  accomplished  by  the  State  in 
controlling  conditions,  much  remains  yet  to  I e done.  In  196b,  the 
Public  Administration  Sfrvice  prepared  a survey  report  for  the 
Public  Health  Service  concerning  the  budgeting  and  staffing  of 
State  programs  (26).  This  report  contains  suggested  guidelines  for 
use  in  evaluating  the  adequacy  of  State  water  pollution  control 
programs.  This  report  suggests  a minimum  total  staff  level  of  110 
persons  and  a desirable  total  staff  level  of  171. 

In  view  of  the  water  pollution  control  problems  still  exist- 
ing in  the  Hasin  consideration  should  be  given  to  an  accelerated 
program  to  match  the  needs  for  clean  water  for  all  legiti-mate  uses. 
An  accelerated  State  water  pollution  control  program  utilizing 
fully  the  resources  and  programs  of  the  Federal  Water  Pollution 
Control  Administration  will  ensure  the  earliest  possible  accomplish- 
ment of  our  common  goal  - more  effective  use  of  our  water  resources. 

Streamflow  Augmentation  Requirements 

After  studying  the  location  of  ma.jor  municipal  and 
industrial  waste  discharges  to  the  Grand  River  and  tributaries  and 
the  quantitative  and  qualitative  characteristics  of  the  receiving 
waters,  two  reaches  of  the  main  stem  of  the  Grand  River  below 
Jackson  and  Lansing  indicated  potential  benefits  from  flow  augmen- 
tation and  were  selected  for  waste  assimilation  studies. 

'Waste  assimilation  studies  were  conducted  to  determine  the 
total  streamflow  required  to  meet  a range  of  water  quality  goals 
in  the  Grand  River  below  Jackson  and  Lansing.  During  1964  intensive 
stream  investigations  were  conducted  on  these  reaches  during  May, 
July  and  October. 

A computer  program  was  utilized  to  develop  a mathematical 
m.odel  which  reproduced  the  stream  conditions  observed  during  these 
intensive  sampling  periods.  Using  projected  flow  and  quality  data 
for  the  waste  inputs  within  the  study  reaches  of  the  stream,  the 
model  was  used  to  compute  the  total  stream.flows  required  for  flow 
regulation  for  water  quality  control.  It  has  been  assumed  that  a 
9Ca  DCD^  removal  will  be  provided  for  both  municipal  and  industrial 
waste  discharges. 
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The  State  cf  Michigar.  haa  set  a minimum  atant'ard  of  L,.0  mg/1 
of  dissolved  oxygen  below  both  Uinaing  and  Jackson.  The  maintenance 
of  this  standard  for  dissolvea  oxygen,  in  conjunction  with  the  other 
water  quality  standards  listed  in  Section  3,  will  assure  the  absence 
of  nuisance  odor  conditions;  permit  recreational  use  involving 
partial  body  contact;  support  pollution  tolerant  fish  such  as  carp 
and  other  aquatic  life;  and  in  general,  provide  for  the  esthetic 
enjoyment  of  clean  surface  waters. 

The  Michigan  Water  Resources  Comalsslon  haa  designated  the 
r'jaches  of  the  Grand  River  directly  below  both  Lansing  and  Jackson 
as  Tolerant  yjsh.  warm-water  species  use  areas.  This  designation 
requires  an  average  daily  dissolved  oxygen  level  of  not  less  than 
4.0  mg/1.  The  Coomission,  however,  has  adopted  the  Tolerant  Fish, 
warm-water  species  use  designations  in  all  intrastate  waters  only 
for  a five  year  period,  ending  January,  1974.  It  is  the  Connission' s 
policy  that  before  that  date,  the  waste  disposal  situations  involved 
are  to  be  reconsidered  with  a view  toward  the  application  of  higher 
quality  use  designations. 

The  maintenance  of  a 4.0  mg/1  dissolved  oxygen  level  below 
Lansing  and  Jackson  should,  therefore,  only  be  regarded  as  an  interim 
objective.  To  fully  implement  the  Cosunisslon's  policy,  the  staff 
of  the  CoBimission  believe  that  due  consideration  will  have  to  be  given 
to  the  feasibility  of  maintaining  a higher  minimum  dissolved  oxygen 
level. 


The  estimated  ranges  of  total  streamflow  required  to  maintain 
a l)0  concentration  of  4.0  mg/1  below  Jackson  are  53  to  510  cfs  in 
iV8u  and  103  to  860  cfs  in  2020.  Below  Lansing  the  streamflows  re- 
quired to  maintain  a DO  of  4 mg/1  are  55  to  480  cfs  in  1980  and  160 
to  1760  cfs  in  2020.  Ranges  In  streamflow  requirements  are  primarily 
due  to  the  wide  variation  in  stream  temperatures  over  the  year.  These 
streamflow  requirements  satisfy  both  carbonaceous  euid  nitrogenous 
cycles. 


The  ability  of  existing  streamflows  to  meet  the  above  demands 
can  be  assessed  by  comparing  the  estimated  maximum  required  flows  in 
1980  and  2020  with  the  7-day  once-in-lO-year  low  flows  as  shown  in 
Table  2-2.  The  comparison  indicates  that  existing  low  flows  will  not 
be  adequate  to  assimilate  the  treated  waste  discharges  at  Jackson 
and  Lansing  in  1980  and  2020.  Thus,  it  is  concluded  that  some  com- 
bination of  streamflow  regulation  and  advanced  waste  treatment  will 
be  required  to  achieve  the  water  quality  goal  of  4 mg/1  DO  below 
Jackson  and  below  Lansing.  Streamflow  requirements  to  maintain  the 
required  DO  level.s  are  shown  by  months  in  Tsble  5-3 
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General 


Ferei'its  to  te  derived  from  water  supply  and  water  quality 
contro'’  are  determined  or.  the  basis  of  the  least  costly  alternative 
meth  i or  combination  jf  methods  which,  in  the  absence  of  multi- 
purpose reservoir  projects,  would  provide  an  adequate  water  supply 
cr  result  in  meeting  a given  water  quality  level.  Alternatives 
ccnsidered  in  the  case  of  water  supply  include  storage  reservoirs 
in  the  Grand  River  Rasin  itself,  transportation  of  water  from  out- 
side the  Bastn  and  expansicn  of  existing  well  supplies.  Water  qual- 
ity control  alternatives  include  storage  reservoirs  in  the  Grand 
River  Basin  itself,  transportation  cf  water  from  outside  the  Basin 
and  higher  degrees  of  waste  treatment. 

Policy  changes  regarding  the  provision  of  storage  for  water 
quality  management  in  Federal  water  resource  projects  are  presently 
under  consideration  Vy  the  Water  Resources  Cciincil.  In  a memorandum 
to  the  Council  in  J’une  196'’,  the  Secretary  cf  the  Interior  made  a 
number  of  recommer.daticns  relative  to  the  evaluation  cf  benefits 
resulting  from  the  maintenance  cf  water  quality  b;/  means  of  the 
regulation  of  stream  flow,  as  was  indicated  in  a subsequent  re- 
statement of  Interior's  views  in  October  1968,  the  objective  of 
these  recommendations  is  to  obtain  more  effective  consideration  in 
the  planning  for  water  quality  control  as  a supplement  to  high 
degrees  of  waste  treatment  in  the  meeting  cf  water  quality  standards. 

Reservoir  Sites 


Apprcxi-mately  '^5  possible  Grand  River  Basin  reservoir  sites 
have  been  identified  by  the  U.  S.  Army  Corps  of  Engineers.  These 
sites  have  been  depicted  by  means  cf  colored  overlays  on  Michigan 
Department  cf  Conservation  County  maps.  A set  cf  these  overlay  maps 
was  used  to  obtain  pertinent  information,  such  as  the  location, 
storage  volume  and  drainage  area  of  each  of  the  proposed  sites.  This 
information  permitted  tentative  selections  cf  reservoir  sites  which 
could  be  used  for  the  purpose  cf  water  stcrrsge  for  water  quality  con- 
trol to  serve  the  areas  previously  outlined.  At  the  writing  of  this 
appendix  no  final  decision  had  been  made  as  to  wnich  reservoir 
projects  would  actually  le  constructed. 
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Pojsille  reservoir  sitej  are  showi:  sch'enatically  on 
Figure  6-1  and  deacr-ibed  in  Tabiea  6-1  and  0-.  . These  possible  sites 
were  selected  from  the  c.erlay  maps  on  the  basis  of  size  and  location. 
In  estimating  tiie  storage  that  could  be  obtained  for  the  purposes  of 
water  supply  or  water  quality  control , the  average  annual  flow  was 
utilized.  A factor  of  0.7  cfs  per  square  mile  (Lansing  Gage)  was  used 
to  e 'mate  the  average  discharge  at  the  various  reservoir  sites.  If 
t‘  ■ estimated  average  annual  volume  of  flow  was  less  than  the  storage 
available  at  a site  then  the  lower  volume  figure  was  used  to  determine 
the  storage  available  for  water  supply  or  water  quality  control. 


Data  on  municipal  and  municipally  supplied  industrial  water 
use  was  presented  in  Section  3.  Based  on  projected  water  needs  giver, 
in  that  section  and  comments  obtained  from  the  U.  S.  Geological 
dun'ey,  it  appears  that  ground  sources  of  municipal  water  supply  will 
be  insufficient  to  meet  the  demands  of  2020.  The  water  demand  at 
I.ansing  will  reach  118  mgd.  Some  90  mgd  of  this  amount  will  be  sup- 
plied from  ground  water  sources.  A single-purpose  reservoir  may  be 
considered  as  a possible  water  supply  source,  to  augment  the  well 
supply. 


Development  of  the  Williamston  site  on  the  Red  Cedar  River 
as  a single-purpose  water  supply  reservoir  would  cost  approximately 
$10,000,000.’ 


One  alternative  to  construction  of  a reservoir  as  described 
above  would  be  to  obtain  water  from  one  of  the  Great  Lakes.  A ccn 
nection  with  Lake  Erie  would  require  the  construction  of  a 60-inch 
diameter  pipeline  30  miles  in  length  and  9 pumping  stations.  The 
construction  of  such  a project  would  cost  about  $30,000,000.  This 
is  based  on  a cost  of  $60  per  lineal  foot  of  pipe  and  $52,000  per 
pumning  station.  Right  of  Way  costs  would  he  approximately 

$5,k^0,000. 


Jackson 


An  average  annual  discharge  of  187  cubic  feet  per  second  (cfs) 
wil],  be  required  by  1980  and  336  cfs  by  2020  as  one  alternative  method 
of  meeting  the  water  quality  needs  in  the  Grand  River  below  Jackson. 


nnother  alternative  method  is  advanced  waste  treat.ment  (AWT) 
resulting  in  an  effluent  which  is  essentially  stable.  In  light  of 
the  limited  storage  available  above  Jackscr,  hWT  is  probably  also 
the  .most  feasible  alternative. 


FIGURE  6-1 


CHICAGO  PROGRAM  OFFICE 

POSSIBLE  RESERVOIR  SITES 
LANSING  a JACKSON, MICH. 

U S CE  Pi  R T E N T OF  THE  INTERIOR 
FECEPiLV.'iTER  pollution  CONTROL  AC '.'I'.  10  T R ATI.'N 
GREAT  lakes  REGION  CHICAGO, ILLINOIS 


Total  Jtora/’o  that  woi;id  he  availalle  for  water  aupply  or  water  quality  control  at  Jackson 
is  apprrxL':iated  Vy  the  total  cf  th<’  underlined  figures,  namely,  l626e’  Acre  feet. 


Approxinate  atorape  available  for  water  supply  or  water  quality  control  at  Lansing  is  given  ly 
the  sum  of  the  underlined  figures  plus  the  storage  availal le  at  Jackson,  namely,  36I468  Acre-feet. 


Ihe  mtc.  4 of  treatment  oonsideret,  here  for  both  Jacksor.  and 
I^nalr.g  consists  of  hm;  n'  oxidation  by  c:  cnical  coagulation  and 
sedlaerivatlon  using  300  mg  ' of  hydrated  lime  and  50  og/1  of  ferrous 
sulfate  plus  filtration  thro-^h  sand  at  gallons  p«  ainute  per 
square  foot  plus  aeration  of  the  final  effluent  and  pH  adjustment 
before  final  discharge.  This  treatment  is  in  addition  to  conven- 
tlorfil  secondary  treatment. 

'Iliid  degree  of  treatment  should  provide  an  extremely  hirfi 
quality  effluent  and  would  he  utilized  during  periods  of  low  stream 
fl'^w  when  needed  to  maintain  the  i-equired  1 ir.g/1  of  dissolved  oxygen 
in  the  stream 

The  alterr.ative  of  importing  water  from  one  of  the  Great  bales 
for  aug:''entation  was  also  considered.  In  this  case  a pipeline  to 
Lake  Erie  capalle  cf  augmenting  flows  in  the  Grand  River  I elov; 

Jaclson  was  evaluated. 


Linsing 


An  average  annual  discharge  cf  1-1  cu! ic  feet  per  second  (cfs^ 
will  be  required  by  19HC  and  575  cfs  ly  lo , -.s  one  alternative 
method  of  meeting  water  quality  needs  h -..-w  Lansing. 

As  in  the  case  cf  Jackson  advar.c*  : w.,.te  treatment  was  also 
evaluated  as  an  alternative  at  lar.sir.r.  - e unit  series  of  treatment 
processes  considered-  is  the  same  as  a'  ’•■.ck.--  . 

bumn.ar/  of  Alternative  Costs 


The  annual  costs  f each  of  tr.e  il*(‘mat:ve  metr.ods  ■ f meeting 
the  water  supply  and  water  quality  prrllems  of  the  Jackson  and  Lansinr 
areas  of  the  Grand  River  L-esin  are  preser.te.i  in  TaVle  6-3. 

Benefits 


Implementation  cf  the  recommendations  contained  in  this  report 
combined  with  a .iudicious  selection  from  the  alternatives  presented 
will  result  in  substantial  improvement  in  the  qiiality  of  the  waters 
of  the  Grand  River  Basin. 

By  their  very  nature  benefits  from  water  j ;aiity  are  diffuse 
and  accrue  to  all  of  the  citizens  within  the  iwsin  and  are,  therefore, 
difficult  tc  quantif;:.  However,  the  val\ie  cf  these  lenefios  v»as  im- 
plicitly considered  in  the  public  hearings  which  rr.’ceded  the 
establishment  cf  intrastate  v/ater  quality  st.andards  t ■'  the  .“lichig  ir. 
•Vat.er  Heso\irces  Commi.'  .I  ■. 
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It  is  possille,  however,  to  oriefly  cite  sor.e  cf  the  bene- 
ficiaries of  improved  water  quality  in  the  Grand  River  Basin.  Owners 
cf  property  adjacent  to  or  near  presently  pollutea  waters  iwill  derive 
increased  esthetic  enjoyment  and  enhanced  property  values  from  the 
elimination  of  the  unsightly  conditions  which  result  from  water 
pollution.  These  include  nuisance  algal  blooms  stimulated  by  over- 
fertilizaticn  of  the  aquatic  environment.  All  the  residents  of  the 
;iasin  will  benefit  from  the  assurance  of  a safer,  more  palatable 
water  supplied  to  their  homes,  industries  and  public  buildings, 

Michigan  residents  and  visitors  from  out-cf-state  who  use 
the  area's  streams  and  lakes  for  swimming,  water  skiing,  boating 
and  other  water-oriented  recreation  will  be  protected  against  in- 
fectious diseases  which  can  be  spread  by  polluted  water.  The  sport 
fisherman  will  find  additional  fishing  areas  and  improved  fishing 
as  a benefit  of  enhanced  water  quality.  As  a return  on  its  invest- 
ment in  clean  water,  industry  will  share  in  the  benefits  from  better 
quality  water  for  all  cf  its  needs. 

In  addition  to  these  immediate  and  direct  benefits  the  con- 
tribution of  a cleaner  Grand  River  to  the  preservation  and  protection 
of  the  quality  cf  the  waters  of  Lake  Michigan  is  an  important  benefit 
and  vital  to  the  National  welfare. 
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nEC7I0N  I - INTRCDUCTION 


These  health  guidelines  are  for  the  guidance  of  those  agencies 
concerned  with  the  development  of  water  resources  of  the  Grand  River 
Basin.  The  guidelines  are  not  Intended  to  be  used  as  a comprehen- 
sive design  document.  Rather,  they  are  Intended  to  provide  a basic 
document  wh: ch  points  out  those  areas  which  require  special  attention 
by  planning  authorities. 

State  law  requires  that  e’^ery  county  in  Michigan  operate  a county 
health  department.  These  county  health  departments  are  provided  with 
guidance  and  technical  assistance  and  their  operations  are  supplemented 
by  the  Michigan  Department  of  Public  Health.  Consultation  with  these 
public  health  authorities  -vlll  insure  the  inclusion  of  adequate  public 
health  protection  and  improvement  in  water  resource  development  plans . 

Federal  agencies  active  in  vrater  resources  development  such  as  the 
Corps  of  Engineers  and  the  Soil  Conservation  Service  are  required  to 
obtain  review  of  proposed  projects  from  other  Interested  Federal 
agencies  including  the  Public  Health  Service. 

This  document  includes  a brief  review  of  the  activities  of  county  sni 
State  health  authorities  in  the  subjects  of  concern  and  a discussion 
of  the  health  factors  considered  by  the  Public  Health  Sen'/ice  in  its 
review  of  F'  derally  sponsored  water  resource  development  projects  for 
the  Grand  River  Basin. 

The  subjects  of  concern  discussed  herein  include  public  drinking 
water  supply,  recreation  area  development,  solid  was-^.e  management, 
vector  control,  irrigation  and  radiological  health 


GiCCTION  TI  - PUBLIC  DRITJKTNG  WATE1(  SUPPLY 


1.  GLNilRAI-:  Keforence  to  public  drinking  water  supply  is  defined 

in  this  document  as  those  w.-.-^or  supplies  developed  for  domestic  and 
food  processing  uses.  Pab'iic  water  supplies  in  the  State  of  Michigan 
are  designed,  ccnstnjctei  and  operated  under  the  jurisdiction  of  the 
Michigan  Departt,.e n * -f  ikiblic  Health  by  authority  of  A''t  ')8,  P,A. 
lyio  as  a.sended  arru  assoc ia  v-d  rules  ai.d  regulations. 

2.  L.JITILG  UQTLji..':  riet-.-rmination  of  the  exact  num’.  or  of  water 

supplies  In  the  tasii'  is  difficult  because  several  coir,mnitiec  are 
crly  p rtiallj  w'thl!.  the  Ciraiid  River  Ras'n.  There  are,  however, 
about  f')  'round  water  r.upp'’ler  and  five  complete  w<=  ’ ;r  treatment 
plants  using  surface  water  which  serve  the  ptcpulatlori  of  the  Basin. 

The  surface  writer  supplies  ser'/e  ten  comiroinities . Only  one  of  the 
treatment  plants  is  a full  time  facility  using  river  water  as  a 
source.  Three  cf  the  treatment  plants  use  Iwike  Michigan  water  and 
are  not  located  within  the  Basin.  Tiie  remaining  facility  treats 
river  water  but  is  operated  only  on  a jart-tlme  or  emergency  basis  as 
a backup  for  a I-axe  Michigan  filtration  plant. 

3.  GROLn:D  WATER  QUALITY  A :P  QtiAJ:ITY:  Properly  installed  -and 

developed  veils  within,  the  basin  generally  will  pr  vide  water  of 

■ utl sfaetcry  baccerlologic  and  cheri-  ■ f q-  allty.  u’crrect’ ve  treatme.ot 
i"  pnviaed  in  some  cases  for  iron,  1;  •. -Iness,  and  hydrogen  sulfide 
problems.  Continuous  chlorination  of  rue  larger  ground  water  supplies 
is  accept  j practice.  In  tne  small  areas  where  groundwater  problems 
do  exist,  surface  wa*er  supplies  are  ■•aib-.t  : Vater  bearing 

formations  in  this  basin  can  be  devjl^.ped  in  either  rock  or  drift,  and 
the  wei’  production  will  va.i-y  greatly.  !<lost  areas  in  the  i. uteri  or 
portion  of  the  state  ca.u  develop  aaequate  ground-va . er-  supplies  for 
the  present.  Grow+.h  within  the  ue:rt  20  years,  h ■ .e  '-r,  may  make  it 
necessary  to  augir.erit  t'l?  ground  water  supplies  cf  lertain  cities  with 
surface  sources, 

1.  SURF  ACL  WATi^.  QUALITf  ALP  QUALTIT/:  Wliile  the  q.uali*y  of  the 

Gra.ud  River  and  its  tributary  waters  is  variable  and  not  considered 
tne  best  for  drin.^ing  wn.ter  supplies,  it  is  satisfactory  for  use 
with  full  treatment.  Lake  Michigan  waters  ar  .•  accessible  for  use  in 
the  Grand  River  Basin  and  are  known  to  be  of  good  quality.  The 
Mlcnlgar.  Depa'-rm-ent  cf  Pus  lie  Health  requires  full  treatment  of  the 
surface  waters  available  to  tb.e  Grand  Basin.  Full  treatment  includes 
a minirjm  treatment  equivalent  to  coagulation,  sedimentation,  filtra- 
tion anu  chlorl.iatlon.  The  quality  and  quantity  of  the  drinklru: 
water  pro  .uced  mst  meet  or  exceed  accepted  standards.  To  Insure  that 
tnls  is  lorio  -he  State  requires  supervision  of  all  water  treatment 
plants  by  a certified  operator. 


S.  HEALTH  FArrORS  TONGIDERBD  BY  THE  PtJBLIC  HEALTH  SERVICE 


5.1  General ; Where  water  aupply  for  public  drinking  water  use 

Is  Included  In  Fede’-ally  sponsored  pro.lects,  appraisal  of  the  origin, 
determination  of  available  water  q’lallty,  and  determination  of 
necessary  treatment  should  be  Included  as  part  of  the  project  study 
as  well  as  determination  of  availability  of  water  quantity.  lack  of 
this  preliminary  Information  In  a work  plan  constitutes  inadequate 
appraisal  of  the  water  supply  benefit  and  makes  appraisal  of  the 
expected  health  benefit  a matter  of  supposition.  Raw  water  supplies 
offered  to  and  accepted  by  local  purveyors  with  no  determination  of 
potential  hazards  and  necessary  treatment  for  existing  and  potential 
quality  is  analogous  to  the  purchase  of  consumer  goods  of  questionable 
quality  with  no  guarantee  for  return.  If  the  project  supply  Is  unfit 
for  the  Intended  water  supply  use,  the  project  may  become  a lia- 
bility to  the  national  as  well  as  the  local  economy. 

5.2  Appraisal  of  Origin:  The  appraisal  of  the  origin  is  usually 

accomplished  by  a sanitary  sur-zey  of  the  site  and  appraisal  of  both 
human  and  animal  activity  expected  to  occur  within  the  watershed 
area  of  the  site.  Persons  trained  and  competent  in  public  health 
engineering  and  the  epidemiology  of  waterborne  diseases  should 
conduct  the  sanitary  suir/ey.  The  sanltsry  rur'/ey  should  include  the 
detection  of  health  hazards  Including  all  significant  sources  of 
pollution  and  the  assessment  of  their  present  and  future  Importance. 

The  appraisal  of  the  origin  together  with  the  determination  of  avail- 
able and  e.-^ected  future  quality  will  be  important  to  the  determina- 
tion of  the  suitability  of  the  'water  for  the  Intend’d  ise  and  will 
also  be  Important  to  the  determination  of  suitable  treatment. 

Information  which  should  be  determined  includes: 

1.  Ownership  and  proposed  ownership  of  the  reservoir's  water- 
shed, particularly  lands  adjacent  to  the  reservoir. 

2.  Major  sources  of  '’atural  pollution  Including  large  populations 
of  animals;  drainage  from  mineral  deposits,  swamps  or  bogs; 
and  surface  run-off  characteristics. 

3.  Mujor  sources  of  man  made  pollution  Including  mine  drainage, 
unsewered  residential  areas,  run-off  from  construction, 
residential,  commercial,  and  Industrial  areas,  sewer  drainage, 
se-wage  treatment  plant  effluent,  and  aniiaal  feed  lots. 

4.  Present  and  expected  activity  on  the  watershed  including  type 
and  degree. 


*) . 3 Uetenninat  ion  ot  Available  Water  Quality;  A reliable 
'^•t•■r.T.lnat  Ion  of  available  water  quality  will  normally  be  very 
iiffioult  due  to  variable  conditions  affecting  water  quality  of  the 
stream,  lack  of  past  water  quality  data,  and  uncertainty  regarding 
the  decree  of  improvcmirnt  which  will  probably  occur  with  Impoundment, 

.;;ere  past  water  quality  aata  exists,  the  known  bacterial,  chemical, 
physical,  and  radiochtml cal  •.•haracteristlcs  should  be  evaluated  with 
reference  to  the  lljbllc  Health  fervlce  Health  Guidelines  for  Raw 
r uality  and  applicable  !"tate  Water  Quality  Standards.  The 
■i  ' i should,  of  course,  consist  of  samples  taken  at  such  frequency 
ind  of  surh  virletv  as  to  properly  describe  the  body  of  -water's 
luality.  vvaluation  of  such  data  should  also  be  conducted  In  full 
'ownl  2.- nee  of  sanitary  survey  findings.  Adverse  action  on  data 
{ ■ ::r  Mii:  recommended  Hea  Itn  Guidelines  and  the  applicable  State 

I ;n lards  should  depend  upon  the  degree  -which  the  guidelines  or 
standards  are  exceeded,  the  availability  of  other  supplies,  expected 
changes  In  -water  quality,  and  the  treatment  which  can  be  provided. 

'f  no  water  quality  data  exists  for  the  mandatory  chemicals  (l.e. 
n'  jse  incl\ided  In  the  mandatory  PHS  Drinking  Water  Standards)  , 
'urbidlty,  collform  (fecal  or  total)  and  total  dissolved  solids,  grab 
s '.mples  representative  of  different  stream  conditions  should  be  taken 
■•.nd  -.inilyzed  for  these  constitiients  by  methods  described  In  Standard 
".ethods  for  the  Examination  of  •■'ater  and  V/aste  Water. 

Past  studies  have  indicated  that.  In  most  cases,  bacterial  and 
physical  quality  improve  as  water  passes  through  an  impoundment, 
'•larginal  bacterial,  and  physical  quality  can,  therefore,  be  exi-ected 
tc  improve  unless  polluted  populated  areas,  large  s-wamps,  uncleared 
heavily  -wooded  areas  or  other  major  sources  of  organic  material  are 
to  be  floodel  or  created  on  the  reservoir’s  margin.  The  -water  intakes 
should  be  located  on  the  reservoir  where  maximum  advantage  can  be 
taken  of  the  improvement  In  quality  effected  by  impoundment.  The 
intakes  should  also  be  of  multilevel  construction  so  that  the  best 
qu-illty  of  water  at  the  Intake  can  be  dra'wn  into  the  supply  system. 

5.4  Uetermiaat ion  of  Necessary  Treatment;  The  determination  of 
necessary  treatment  is  Important  to  the  individual  project  because 
suet  a determination  -will  indicate  the  capital  cost  required  to  develop 
the  ■lupp'';.-  and  may  affect  the  local  sponsor’s  willingness  to  under- 
write the  wa-ter  supply  costs  and  benefits  proposed  for  the  project, 

'Tie  following  te;ct  describes  the  water  quality  considered  adequate 
■jy  the  '-.»rl1c  Health  Service  for  no  treatment  and  conventional 
treat--:ent.  Treatment  can  be  varied  and  special  processes  can  be 
ap,,liei  to  solve  special  problems  which  cannot  be  resolved  by  conven- 
tloiia!  treatment.  If  water  resource  development  causes  a problem  for 
'■-xistlr.-  p.j  ;llc  water  supplies,  such  as  Increases  In  color,  Iron, 
manwo^  :.'-,  et^.,  the  additional  cost  to  solve  the  problem  should  be 
•insider*.':  i negative  benefit, 
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a.  Untreated  Water:  Only  underKround  waters  not  subject  to 

potential  contamination  and  meeting  the  water  quality  guidelines 
specified  below  as  shown  by  satisfactory,  regular  and  frequent 
sanitary  Inspections  and  laboratory  tests  are  considered  safe  with 
no  treatment.  The  continuous  safety  of  untreated  public  drinking 
water  supplies  Is  questionable  due  to  the  hazard  presented  to  such 
supplies  by  their  distribution  systems.  It  is,  therefore,  recommended 
that  all  public  drinking  water  supplies  receive  at  least  residual 
dlslnlection  treatment. 


The  raw  water  quality*  considered  satisfactory  by  the  Public  Heal'^h 
Service  for  a supply  receiving  no  treatment  Is: 


a)  Bacteriological:  Should  meet  Public  Health  Service  Drinking 

Water  Standards. 

b)  Physical:  Should  meet  Public  Health  Service  Drinking  Water 

Standards . 

c)  Chemical:  Chemicals  present  should  not  exceed  the  following 
concentrations . 

Substance  Concentration  (mg/1) 

Arsenic  (As) 

Barium  (Ba) 

Boron  (b) 

Cadmium  (Cd) 

Carbon  Chloroform  Extract  (CCE) 

Chloride  (Cl) 


Chromium  ( he xa valent,  Cr 
Copper  (Cu) 

Cyanide  (CN) 

Detergents  (Methylene  Blue  Active  Substances) 
Fluoride  (F) 

Iron  (Fe) 

Lead  (Pb) 

Manganese  (Mn) 

Nitrogen  (in  nitrate  or  nitrite  form) 

Phenols 
Selenium  (Se) 

Silver  (Ag) 

Sulfate  (SO4) 

Total  Dissolved  Solids 
Uranyl  Ion  (UOg  ) 

Zinc  (Zn) 


0.01 

1.0 

1.0 

0.01 

0.2 

250.0 

0.05 

1.0 

0.01 

0. 5 

1. fi 

0.3 

0.05 

0.05 

10.0 

0.001 

0.01 

0.05 

250 .0 

500 .0 
5.0 
5.0 


*The  quality  guidelines  should  not  be  exceeded  over  substantial 
periods  of  time.  If  they  are  exceeded,  efforts  should  be  made  to 
determine  the  cause  and  corrective  action  should  be  taken.  If 
corrective  action  falls  to  Improve  the  water  quality  to  within  the 
guidelines,  the  water  quality  should  be  judged  unsatisfactory. 
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cl's  Radioactivity:  Should  meet  Public  Health  Service  Drinking 

.'ater  Standards . 

e)  Pesticides:  Should  not  exceed  the  following  limits; 


1 . 
2, 
3. 
k. 

5. 

D. 

7. 

fl. 

9. 

10. 

11. 


12. 

13. 

lU. 


Pesticide  Long  Term  Exposure 

Maximum  Permissible 
Concentration  mg/l 


Pndrln  0.001 

Aldrln  0.01? 

Dleldrln  0.01? 

Lindane  O.O56 

Toxaphene  O.OO5 

Heptachlor  O.OlR 

Heptachlor  Epoxide  O.OI8 

DDT  0.042 

Chlordane  0.00 3 

Methoxychlor  0.035 

Total  Organophosphorous  and 

Carbamate  Compounds  (expressed  In 

terms  of  Parathlon  Equivalent 

Cholinesterase  Inhibitions)  0.1 

2. 4. 5-  TP  Individual  limits  = 0.1  mg/l.  Sum 

2.4.5- T  of  any  combination  of  chlorinated 

2,4-D  phenoxy  alkyl  pestlcldes-0.1  mg/l. 

Short  periods  only.  Two  to  three 
days,  no  more  than  once  or  twice  a year. 


Substances  not  included  in  the  above  table  which  may  have  deleterious 
physiological  effect  or  which  may  be  excessively  corrosive  to  the 
public  drinking  water  supply  system  should  not  be  permitted  In  the 
raw  water  supply  if  such  substances  cannot  be  removed  by  available 
treatment. 


b.  Conventional  Treatment:  All  surface  waters  utilized  for  public 

water  supply  In  the  Crand  River  Basin  should  receive  a minimum  of 
conventional  treatment  Including  coagulation,  sedimentation,  rapid 
sand  filtration,  and  pre  and  post  disinfection  or  equivalent 
treatment.  Although  It  may  be  impossible  to  prevent  all  pollution 
from  entering  the  supply,  such  entrance  should  be  controlled  and 
limited.  If  recreational  use  of  terminal  reservoirs  Is  permitted, 
the  recreational  use  should  be  controlled  and  policed  with  such  vise 
prohibited  on  and  near  the  public  drinking  water  supply  Intake.  With 
the  time  of  storage  an  Important  factor,  consideration  should  be 
given  to  the  location  of  the  intake  with  respect  to  the  reservoir's 
bottom,  surface-drainage  Inlets,  and  recreation  areas.  The  design 
and  construction  of  individual  water  treatment  plants  will  vary 
with  local  circumstances  and  should  be  based  on  results  of  experiments 
on  the  water  to  be  treated. 
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Conventional  treatment  as  defined  above  vlll  normally  produce  safe 
water  of  desirable  characteristics  If  the  State  water  quality 
standards  are  met  and  If  the  following  guidelines  are  not  exceeded 
in  the  raw  water  quality*; 

a)  Bacteriological: 

1)  Total  Conform  Density:  less  than  20,000/100  ml.  as 

measured  by  a monthly  geometric  mean  or, 

2)  Fecal  Collform  Density:  If  fecal  collform  density  is 

measured,  the  above  total  collform  density  may  be  exceeded 
but  fecal  collform  should  not  exceed  U,000/100  ml.  as 
measured  by  a monthly  geometric  mean. 

b)  Physical:  Elements  of  Color,  Odor,  and  Turbidity  contribute 

significantly  to  the  treatability  and  potability  of  the  water 

Color  -------------75  units 

(This  limit  applies  only  to  non- Industrial  sources,  industrial 
concentrations  of  color  should  be  handled  on  a case-by-case  basis 
and  should  not  exceed  levels  which  are  treatable  by  complete 
conventional  means . ) 

Threshold  Odor  Number  - - - - 5 units 
Turbidity  ----------  Variable 

(Factors  of  nature,  size,  and  electrical  charge  for  the  different 
particles  causing  turbidity  require  a variable  limit.  Turbidity 
should  remain  within  a range  which  Is  readily  treatable  by 
complete  conventional  means;  It  should  not  overload  the  water 
treatment  works;  and  It  should  not  change  rapidly  either  In 
nature  or  In  concentration  where  such  rapid  shifts  would  upset 
normal  treatment  operations.) 

c)  Chemical: 

1)  Since  complete  conventional  treatment  generally  produces 
little  reduction  In  chemical  constituents,  raw  water  should 
meet  the  limits  given  for  untreated  raw  ground  water. 

d)  Radioactivity:  Should  meet  Public  Health  Service  Drinking 

V/ater  Standards . 

e)  Pesticides : Should  meet  requirements  for  Pesticides  as 

shown  for  untreated  raw  ground  water. 


*The  quality  guidelines  should  not  be  exceeded  over  substantial 
periods  of  time.  If  they  are  exceeded,  efforts  should  be  made  to 
determine  the  causes  and  coirectlve  action  should  be  taken.  If 
corrective  action  fails  to  Improve  the  water  quality  to  within 
the  guidelines,  the  water  quality  should  be  judged  unsatisfactory. 


>ater  of  poorer  quality  should  receive  auxllllary  treatment  as 
determined  by  the  user's  engineer  or  consulteuit  and  should  only 
be  used  If  no  raw  water  supply  of  better  quality  Is  available  and 
1 f nvindatory  limits  of  the  Public  Health  Service  Drinking  Water 
Standards  are  not  exceeded  In  the  treated  water.  For  more 
detailed  Information  regarding  the  evaluation  of  public  drinking 
water  supplies,  the  Public  Health  Service  "Manual  of  Drinking 
Water  Supply  Evaluation"  may  be  consulted. 
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SECTTON  TTT  - RKCRFATION  AREA  Di-ATELOPM-Tfr 


1.  GENERAL:  This  guideline  has  been  prepared  for  the  use  of 

1 planners  and  others  Interested  In  water  and  related  land  use 

5 development.  Tt  Is  intended  to  ser\'e  as  an  introduction  to  the 

’ ; factors  of  concern  to  health  authorities  In  the  development  of 

I recreation  areas,  ’.v'lnter  spc.rts  are  not  considered.  The  format 

1 1 and  much  of  the  text  of  the  Guideline  were  taken  from  "Environmental 

j Health  Practice  In  Recreational  Areas."  The  material  Included  in 

i)  this  guideline  was  developed  through  the  cooperation  of  the 

1 Michigan  Department  of  Public  Health  and  the  Public  Health  Ger'/ice. 

I Reference  to  applicable  local  and  Gtate  law  and  rules  and  regula- 

I tlons  is  made  where  ippropriate  in  each  topic  discussion. 

I In  many  instances  the  planning,  provision  and  maintenance  of 

facilities  In  recreation  irear.  have  not  kept  pace  with  the  rapidly 
j Increasing  visitor  load.  As  a result  optimum  use  of  such  areas  Is 

; not  possible  and  deterioration  of  overtaxed  facilities  is  frequently 

encountered.  Nhere  facilities  such  as  water  supply,  se--ra,ge  disposal, 

I and  refuse  handling  are  inadequate  or  lacking,  the  visiters  will 

fend  for  themselves,  often  creating  conditions  which  are  aesthetically 
offensive  and  which  present  serious  environmental  health  hazards  to 
the  visitors  and  neighboring  community  residents.  Recreation  needs 
are  expected  to  Increase  by  a factor  of  four  by  the  year  2CX)0  due  to 
population  Increases  and  Increased  leisure  time.  More  important 
those  activities  which  require  greater  capital  Investment  in 
sanitation  facilities  and  ser'/ices  such  as  camping  are  expected  to 
Increase  even  more.  In  the  Grand  Basin  today  the  demand  generally 
1 exceeds  the  supply  for  recreational  ise  by  a factor  of  2.  Estimates 

are  that  adequate  environmental  health  safeguards  comprise  appro ximatelv 
i ?0  percent  of  development  costs  of  new  recreation  areas.  Since  these 

(safeguards  represent  such  an  appreciable  Investment  care  should  be 

taken  In  properly  planning,  constructing  and  maintaining  adequate 
facilities . 

"he  most  effective  means  to  Insure  adequate  consideration  of  factors 
Influencing  the  publl^'  health  is  by  active  cooperation  between  health 
and  recreation  agencies,  "he  publi'-  health  surveillance  of  recrea- 
tion facility  development  and  maintenance  is  normally  carried  out 
by  the  county  health  departments  In  Michigan  with  tecdnical  assistance 
I provided  by  the  State  Department  of  Public  Health.  L'otinty  health 

departments  have  been  established  In  every  county  of  Michigan. 

Table  1 summarizes  the  sub.iects  covered  by  the  county  health  depar-^- 
ment  regulations  for  each  countv. 

j A field  evaluation  of  a proposed  sli.e  end  the  review  of  plans  for 

site  development  and  constriction  of  buildings  and  facilities  should 
■j  be  mnde  by  the  health  department  having  jurisdiction.  Following 

1 "onstructlon  a program  of  periodic  sur'-eys  and  inspection  of  facilities 

_ o _ 
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TABLE  1 LOCAL  HEALTH  DLTARTMEHT  REOULATTON 
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and  thf’l  operation  In  recreation  areas  should  be  established  by 
public  health  and  recreation  authorities.  It  Is  recognized 
that  the  development  of  remote  areas,  wilderness  areas,  and  low- 
density  use  areas  will  not  Include  complete  modern  sanitary 
facilities  but  in  many  cases  will  provide  primitive  or  minimum 
sanitary  facilities, 

2,  SITE  SELECTION:  Sites  selected  for  recreation  areas  she  aid 

be  well  drained  and  free  from  topographical  or  geological 
hindrances.  The  terrain  should  be  suitable  for  the  recreational 
purpose  for  which  the  area  is  designed  without  hazardous  elevation 
changes.  If  no  onsite  development  of  water  supply  and  sewage 
disposal  works  Is  planned,  the  area  should  be  accessible  to 
proposed  sources  of  water  supply  and  sewage  disposal.  Sites  should 
be  free  from  heavy  traffic,  air  pollution  sources,  and  noise  sources. 
Avoiding  locations  near  swamps  and  marshes,  where  Insects  such  as 
mosquitoes  may  breed  and  cause  severe  annoyance  and  discomfort,  will 
significantly  enhance  enjoyment  and  utilization  of  the  area  by  the 
visiting  public. 

Other  considerations  of  importance  are; 

1)  Availability  of  adequate  good  quality  ground  water  where  no 
offsite  source  of  drinking  water  is  accessible. 

2)  Adequacy  of  the  site's  characteristics  for  the  proposed  method 
of  sewage  disposal, 

3)  Potential  of  the  area  for  vector  breeding  with  special  attention 
to  s'wamps  and  drainage. 

U)  TIpstream  sources  of  pollution  particularly  where  bathing  beach 
development  is  proposed. 

5)  Safety  hazards  such  as  dead  trees,  power  lines,  gravel  pits, 
railroads,  etc. 

6)  Hazards  to  the  entrance  to  and  exit  from  the  recreation  area. 

7)  Preclusion  of  flooding  of  proposed  sanitary  facilities. 

Control  of  undergrowth  and  noxious  weeds  in  developed  areas. 

3.  WATER  SUPPLY : Water  supplies  for  recreation  areas  are  governed 

by  the  Michigan  Department  of  Public  Health  "Regulations  for  Certain 
Water  Supplies  in  Michigan".  Provision  of  a supply  of  adequate 
quantity  and  quality  Is  essential  for  the  convenience,  comfort, 
safety  and  health  of  visitors  and  resident  staffs  at  outdoor  recreation 
areas.  Points  which  should  be  considered  are; 

1)  Extension  to  the  recreation  area  of  any  State  approved  public 
water  supply  within  a reasonable  distance. 

2)  Surface  supplies  are  not  approved  generally  for  recreational  areas 
except  where  they  are  a part  of  a municipal  supply. 

3)  Design,  construction,  and  supervision  of  the  proposed  water  system 
to  minimize  potential  vandalism. 

U)  Protection  of  the  water  quality  throiigh  the  design,  construction, 
and  maintenance  of  the  distribution  system. 
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■i)  •'mvlslon  for  fire  protection. 

o'  Isolation  of  well  sites  from  sources  of  pollution  and  areas  of 
ex^iected  human  use. 

*4 . fLIvAO!?  DISPOSAL:  Safe  disposal  of  human  and  domestic  wastes  in 

recreation  areas  Is  necessary  for  the  preservation  of  the  surface  and 
f'round  waters  and  the  restoration  of  such  waters  to  the  best  possible 
condition  consistent  with  the  public  health  and  welfare.  Proper 
sewage  disposal  prevents  damage  caused  by  sewage  to  the  propagation 
and  preservation  of  fish  and  wildlife,  and  is  essential  to  protect 
the  visiting  public,  employees,  and  nearby  communities  from  diseases 
transmitted  through  sewage.  Three  types  of  sewage  disposal  systems 
are  recognized  as  applicable  for  use  in  recreation  areas.  These 
are  privies  of  various  types  regulated  by  "Privy  Law  and  Regulations," 
septic  tank  systems,  and  package  treatment  plants. 

Pome  im.portant  health  related  factors  are: 

l)  Provision  of  a properly  designed,  constructed,  and  supervised 
water-carriage  sewage-disposal  system  where  possible.  Experience  has 
shown  that  pit  toilets  for  recreation  areas  have  been  unsatisfactory 
in  many  cases. 

Locating  outfalls  to  minimize  the  potential  effects  of  effluent 
sewage . 

l)  I’roximity  of  septic  tank  and  subsurface  disposal  systems  to 
buildings,  beaches,  camping  and  picnic  areas,  and  water  supply  systems, 
^4)  Properly  planned  sludge  disposal. 

'0  Provision  for  adequate  protection  of  the  ground  and  surface  -water 
and  for  adequate  operation  and  maintenance, 

5,  ''’LUMBING:  Plumbing  Includes  "the  practice,  materials,  and  fixtures 

used  In  the  installation,  maintenance,  extension,  and  alterations  of 
all  piping,  fixtures,  appliances,  and  appurtenances  in  connection 
with  any  of  the  following:  sanitary  drainage  or  s+or  drainage 

facilities,  the  venting  system,  and  the  public  or  private  water  supply 
systems  within  or  adjacent  to  any  building  structure,  or  conveyance; 
also  the  practice  and  materials  used  in  the  installation,  maintenance, 
extension,  or  alteration  of  storm  water,  liquid  waste,  or  se-wage, 
and  water  supply  systems  of  any  premises  to  their  connection  with  the 
public  se-wer  system  or  other  acceptable  disposal  facility." 

Tn  planning  the  folio-wing  should  be  considered; 

1)  Provision  of  at  least  a minimum  number  of  plumbing  fixtures  based 
upon  peax  visitor  day  use  (see  Table  2). 

2)  Conformance  of  materials  used  and  installation  to  the  Michigan  State 
Plumbing  codes, 

. BirTLPrrc  AND  HOUSING  EYGISNH:  Housing  of  a healthful  quality 

must  provide  for  fulfillment  of  the  physiological  needs  of  man,  which 
1n-:lude:  a thermal  environment  that  not  only  is  conducive  to  good 
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TABLE  2 

Sanitary  Facilities^  for  Recreation  Areas 


c 

Water  Closets 

Urinals 

Lavatories 

Showers 

Swimming  pools^ 

(Based  on  maximum  load, 
Fixtures/bathers) 

l/75  males 

1/75 

2/200 

1/50 

1/50  females 

males 

minimum 
of  two 

Campground  Camping 

Comfort  Sites 

Station  1-20 

1 male 

2 female 

1 

2 

d 

21-30 

2 male 

3 female 

2 

4 

Picnic  Area  Parking 

Comfort  Spaces 

Station  1-40 

1 male 

2 female 

1 

2 

41-80 

2 male 
4 female 

2 

4 

81-120 

3 male 
6 female 

3 



Each  comfort  station  should  be  designed  to  provide  service  for  sites  no 
further  than  500  feet  away. 

a Provisions  for  the  handicapped  should  be  provided. 

b One  drinking  fountain  not  Installed  In  toilet  room  should  be  provided, 
c Divided  evenly  between  male  and  female  restrooms, 
d Campgrounds  at  which  visitors  may  be  expected  to  stay  for  periods 

greater  than  two  days  should  Include  showers  In  the  comfort  station 
facilities . 
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health  but  Is  confortable  and  promotes  efficiency  of  living;  air 
that  Is  chemically  pure  and  free  from  objectionable  odors;  humidity 
that  is  healthful  and  comfortable;  and  air  movement  that  vlll  assist 
In  maintaining  the  desired  thermnl  conditions  and  air  purity  and 
will  provide  for  necessary  air  changes.  Housing  should  be  free  of 
noise  that  may  impair  health.  Lighting  should  be  quantitatively  and 
qualitatively  adequate  Including  both  natural  and  artificial  sources. 
All  buildings  and  dwelling  units  should  be  constructed  and  maintained 
In  accordance  with  the  minimum  requirements  set  forth  In  the  APHA-PHS 
Recommended  Housing,  Maintenance  and  Occupancy  Ordinance  or 
requirements  that  are  substantially  equivalent.  The  "Basic  Principles 
of  Healthful  Housing"  is  another  good  reference  In  the  field  of 
housing.  Those  concerned  with  the  design,  operation,  and  maintenance 
of  public  buildings  should  consult  these  references  for  more  complete 
coverage  of  this  subject.  Plans  and  specifications  covering  housing, 
dormitories,  camps,  hotels,  restaurants,  and  similar  facilities  should 
be  submitted  to  the  appropriate  authorities  having  jurisdiction  for 
review  and  recommendations.  Some  of  the  more  Important  aspects  of 
housing  not  covered  elsewhere  In  this  Guideline  are: 

1)  Provision  of  adequate  openable  window  area  for  habitable  rooms. 

2)  Ph-ovlsion  of  adequate  outlets  and  electrical  fixtures  where 
electric  service  Is  available.  Installation  of  electrical  service 
in  accordance  with  the  State  Electrical  Code. 

3I  Provision  of  adequate  safe  heating  facilities. 

Provision  of  screens  for  doors  and  openable  windows  during  seasons 
when  It  Is  necessary  to  protect  against  m.osqultoes,  files,  and  other 
insects . 

d)  Protection  of  buildings  against  rodent  entry. 

Construction  of  water  closet  compartment  and  bathroom  floor 
surfaces  of  material  Impervious  to  water. 


FOOD  SAHTTATION:  Despite  the  progress  which  has  been  achieved  In 

food  protection  programs,  foodborne  Illness  contlnu''  to  be  a major 
public  health  problem.  The  incidence  of  such  Illness  can  be  reduced 
by  the  application  of  the  basic  principles  of  food  protection.  To 
achieve  this  on  a day-to-day  basis,  however,  better  understanding  on 
the  part  of  many  food- service  employees  and  employers  must  be 
developed,  and  this  in  turn  will  necessitate  a maximum  of  cooperation 
between  public  health  agencies  and  the  food  service  industry.  The  need 
for  even  greater  attention  to  this  problem  in  recreation  areas  is  due 
to  the  seasonal  operation  of  many  areas  and  the  widely  fluctuating 
visitor  load  that  must  be  accommodated  by  food  service  facilities 
provided.  Seasonal  employees  who  lack  adequate  training  In  good 
food-handling  practices  Introduce  additional  hazards.  Control  of 
food  sanitation  for  food  prepared  and  served  on  the  premises  is 
attained  by  adherence  to  the  Michigan  Food  Law. 


8.  SOLID  WASTE  DISPOSAL:  Solid  waste  disposal  in  Michigan  is 

-ontrolled  by  Act  ^7.  ^bilc  nealth  problems  are  often  associated  with 
1-proper  storage,  collection,  and  disposal  of  solid  waste  In 
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recreation  areas.  Kxperlence  has  shown  that  the  application  of 
the  hasic  principles  of  sanitation  to  solid  waste  handling  results 
in  substantial  reductions  in  fly,  rodent,  and  other  insect 
problems.  In  addition,  there  are  significant,  relationships  between 
the  Incidence  of  certain  diseases  in  humans  and  animals  and  Improper 
solid  waste  dlsjxasal.  Many  hazards  and  nuisances,  such  as  fire, 
smoke,  odors,  and  unsightliness,  are  also  created  by  poor  solid 
waste  handling  practices.  The  full  appreciation  of  recreation  area 
values  by  the  public  Is  often  diminished  by  the  disorder  of 
accumulated  solid  waste. 

Among  the  principles  to  be  planned  for  are; 

1)  Collection  of  solid  waste  in  durable,  watertight,  rust-resistant, 
nonabsorbent,  and  easily  washable  covered  containers. 

2)  Sufficient  solid  waste  management  program  (number  of  containers, 
size  of  containers,  and  frequency  of  collection)  to  prevent  unsight- 
liness and  fly  and  rodent  problems. 

3)  Disposal  of  trash  and  garbage. 

a.  by  sanitary  landfill 

b.  by  approved  auxilllary  fuel  incineration 

c.  by  garbage  grinding  (to  sewage  system) 

d.  by  modified  sanitary  landfill  where  no  hazard  to  public  health 
may  occur. 

^*)  Prohibition  of  open  burning  other  than  camp  fires. 

9.  WAT5R  COTfTACT  RSCRBATION  WATSR  QUALITY:  Limited  biological, 

chemical,  and  physical  quality  guidelines  are  outlined  below,  Vihere 
questions  arise  regarding  the  health  aspects  of  water  quality,  county 
and  State  health  authorities  should  be  consulted.  Reference  should 
also  be  made  to  State  Water  Quality  Standards  and  the  water  pollution 
control  authorities  responsible  for  the  administration  of  such 
standards.  Final  judgment  on  the  acceptability  of  the  use  of  any 
water  classified  under  these  guidelines  should  also  Include  considera- 
tion of  the  significance  of  the  findings  of  a complete  sanitary  survey 
and  continuous  surveillance  of  piossible  hazards  based  on  epidemiological 
data  as  well  as  appropriate  safety  considerations. 

Biological 

The  fecal  coliform  density  should  not  exceed  a geometric  mean  of 
200/100  ml  with  a sampling  frequency  of  5 samples  per  30“day  period 
taken  during  peak  recreational  use.  Not  more  than  10  percent  of  the 
samples  fecal  conform  densities  during  any  30-day  period  should 
exceed  Uoo/lOO  ml , 

Chemical 


The  water  should  contain  no  chemical  which  could  cause  toxic  reaction 
if  ingested  or  Irritation  to  the  skin  or  eyes.  The  water's  pH  should 
be  within  the  range  6.5-'^.3 
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Physical 


The  water's  color  should  not  exceed  15  standard  units  and  Its 
t.uri  Idlty  should  not  exceed  10  standard  units.  Maximum  water 
temperatures  should  not  exceed  85°T  ( 30°C) . 

10.  SVTMMrWG  POOLS  AND  BATOIHG  B5ACHES;  Public  Health  authorities 
have  Veen  concerned  with  sanitation  and  safety  problems  Involving 
swimming  pools  and  Viathlng  beaches  for  many  years.  While  the 
problem  of  accidents  and  drownlngs  are  the  most  dramatic  statistics 
relating  to  swimming,  the  communicable  disease  aspects  must  be 
.-ivcn  proper  attention.  These  facilities  must  meet  the  provisions 
of  the  Michigan  Public  Swimming  Pool  Law  and  the  Michigan  Public 
Bathing  Beach  law. 

llie  following  factors  should  be  considered; 

l)  Design,  construction,  and  operation  of  proposed  swimming  pools 
In  accordance  with  requirements  of  State  Law  and  county  health 
regulations . 

Acceptability  to  health  authorities  of  the  proposed  water  supply 
as  a potable  water  source. 

I)  Provision  of  adequate  numbers  of  lifeguards. 

U)  Discharge  of  the  swimming  pool  water  through  an  air  gap  to  the 
waste  water  receiver  and  recaarge  of  the  swimming  pool  through  an  air 
gap. 

5)  Proper  design  for  "use  loading". 

6)  Practice  of  continuous  disinfection  of  pool  water. 

'7)  Routine  examination  of  bacteriological  samples. 

B)  Decisions  on  the  use  of  natural  bathing  areas  based  upon  site 
evaluation  and  the  results  of  chemical  analyses,  bacteriological 
exa.rainations , and  a sanitary  survey  of  the  proposed  natural  bathing 
area. 

9)  Elimination  of  possible  gross  animal  pollutio:  of  the  bathing  area. 

10)  Evaluation  of  the  effects  of  peak  visitor  days  on  water  quality 
and  recreational  use. 

II)  Availability  of  shower  and  toilet  facilities. 

11.  TRAVEL  TRAILER  PARKTfJG  AREAS:  The  great  increase  in  the  number 

of  travel  trailers  on  the  highways  during  the  vacationing  months  is 
quite  evident  to  the  motoring  public  and  reflects  the  increasing 
amount  of  leisure  time  and  extra  spending  power  being  enjoyed  by 
more  people  each  year . It  also  points  out  the  need  to  keep  pace  by 
the  development  of  adequate  travel  trailer  parking  areas  and  related 
facilities  each  year  which  meet  standards  of  health  and  safety. 

Trailer  parks  are  regulated  by  the  Michigan  Trailer  Park  Law. 

Considerations  Involving  standards  of  health  and  safety  are: 

l)  Design  of  parking  facilities  for  both  self-contained  and  non  self- 
contained  travel  trailers. 
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7')  Provisior;  '.-unitary  facilities  for  the  disposal  of  holding 
tank  wastes  and  for  tne  refilling  of  waiter  supply  holding  tanks. 

I)  Deslfm  of  travel  trailer  parking  areas  for  overnight  or 
destination  use. 

Availability  of  adequate  water  supply  and  satl.sfactory  means  of 
sewage  disposal. 

5)  Design  of  approach  roads  for  trailer  traffic. 

6)  Confomance  of  the  spacing  of  trailers  to  the  minimum  15  foot 
separation  specified  by  the  National  Klre  Protection  Association. 

7)  Remoteness  c'’  water  tank  filling  stations  from  liquid  waste 
disposal  stations. 

8)  Special  provisions  for  the  disposal  of  sink  wastes. 

9)  Development  of  detailed  plans  for  refuse  disposal. 

10)  Convenience  and  adequacy  of  service  buildings  for  anticipated  use. 

II)  Provision  of  electrical  service  by  underground  cable. 

12)  Submission  of  detailed  plans  and  specifications  of  the  travel 
trailer  parking  areas  to  the  health  authority  having  Jurisdiction  for 
review  and  approval. 

12.  BOATING : The  Bureau  of  Outdoor  Recreation  has  estimated  that 

boating  will  lncrea.se  from  l800  occasions  in  i960  to  over  7500 
occasions  by  2000.  llany  of  the  boats  used  are  being  equipped  with 
a galley  and  toilet  facility.  Body  -wastes,  galley  -wastes,  and  other 
debris  are  therefore  being  discharged  into  -watercourses  threatening 
to  damage  the  recreational  values  of  s-.vlniming,  fishing,  and  other 
aquatic  sports.  The  dredging  of  boat  basins  and  the  construction 
of  small  craft  harbors,  marinas,  boat  launching  ramps,  and  docking 
floats  are  but  a few  of  the  projects  being  constructed  or  planned  for 
recreation  areas.  Such  new  developments  -which  attract  and  serve 
boating  enthusiasts  may  create  -water  pollution  and  related  health 
problems  of  concern  to  public  health  and  recreation  authorities. 

For  this  reason  it  is  most  important  that  the  planning  of  such 
developments  consider  the  environmental  health  aspects  Involved  such 
as : 

1)  Inclusion  of  adequate  separate  facilities  for  collection  and  disposal 
of  sewage,  waste  oils  and  fuel,  and  solid  wastes  accumulated  on  boats 

In  the  planning  and  design  of  proposed  marines. 

2)  Txication  of  a permanent  comfort  station  with  sanl-tary  facilities 
for  each  sex  near  the  piers, 

3)  Provision  of  a water-carriage  sewage-disposal  system  including 
adequate  treatment. 

U)  Provision  of  land  disposal  of  -wastes  from  floating  facilities. 

5)  Provisions  to  eliminate  waste  and  spillage  during  storage  and 
dispensing  of  gasoline  from  floating  facilities, 

6)  Reg-.)latlon  of  construction  and  use  of  boats  -with  marine  toilets. 

7)  Tncliislon  of  refuse  disposal  practice,  designation  of  restricted 
areas,  safety  requirements  as  recommended  by  the  IT.  S.  Coast  Guard, 
and  the  control  of  health  and  accident  hazards  In  boating  requirements, 

8)  Rjll  se-paratlon  of  boating  and  swimming  areas. 

9)  Adequate  docking  facilities  for  boats  and  parking  facilities  for  cars. 
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13-  FJSIfCLEAWIWr?  FACTLTTIiJS:  Flshln#^  Is  an  activity  many  visitors 

en.lov  while  vlsltlnK  recreation  areas,  espe>;lally  where  natural 
reproduction  and  stocklnp;  of  local  waters  1;;  accomplished.  Where 
fishing  is  pi-oductlve,  consideration  should  be  given  to  the  Install- 
ation of  fish-cleaning  facilities  near  boat  docking  and  launching 
areas.  These  facilities  are  essential  to  control  nuisances,  odor, 
and  pollution  from  the  indiscriminate  clearing  of  fish  and  the 
disposal  of  the  resulting  wastes  i..to  lakes,  reservoirs,  and  along 
shorelines . 

In  planning  these  facilities  consideration  jhould  be  given  to  the 
following  factors ; 

1)  Screening  or  full  inclosure  of  the  faclllTy. 

2)  Provision  of  tables  liavlng  Imper’/lous,  nonabsorbent  surfaces 
sloping  to  central  drains  or  of  adequately  maintained  wood  tables. 

3)  Provision  of  potable  crater  under  pressure. 

k)  Provision  of  adequate  disposal  of  collected  wasxes  and  maintenance 
of  the  facility  in  a clean  condition. 

lU,  INSECT  AND  RODFOT  CONTROL:  Several  groups  of  anthropods  and 

rodents  may  create  serious  public  health  and  nuisance  problems  at 
recreation  areas.  These  include  species  that  are  vectors  of  human 
disease  organisms  or  which  serve  as  reservoirs  of  these  organisms 
or  otherwise  interfere  with  man's  health,  welfare,  and  comfort.  A 
number  of  aquatic  insects  may  be  encountered  at  recreation  areas 
located  along  the  shore  of  impoundments.  Mosquitos  are  undoubtedly 
the  most  important  of  these  Insects,  since  several  species  serve  as 
vectors  of  encephalitis  and  malaria,  and  others  create  public  health 
problems  because  of  their  vicious  biting  habits.  Other  groups  of 
aquatic  Insects  such  as  deer  flies,  horse  es,  black  flies,  and 
biting  midges  are  vicious  biters  of  man  and  sometimes  are  Involved  in 
transmission  of  disease.  In  addition  to  the  aqiiatlc  insects,  people 
who  visit  water-related  and  other  recreation  arev  ere  often  exposed 
to  terrestrial  arthropods  such  as  ticks,  mites,  fleas  and  flies,  and 
rodents  including  ground  squirrels,  rats  and  -.ice.  Irritation, 
discomfort,  and  annoyance  caused  by  bites  of  Insects  can  seriously 
reduce  the  use  of  an  otherwioe  attractive  recreation  area.  Thu 
it  becomes  most  Important  that  measures  be  taken  to  eliminate  or 
reduce  such  Insect  populations. 

State  h-ialth  agencies  should  be  asked  fer  pre-construction  surveys 
and  technical  assistance  in  preparing  control  programs  based  on  the 
following  principles: 

l)  Delineation  of  mosquito  production  sites. 

2)  Implementation  of  mosquito  control  practices  in  preparation  of 
the  reservoir  basin  prior  to  impoundage. 

3)  Utilization  of  naturalistic  and  source  reduction  measures. 

ii)  Planning  for  maintenance  practices  to  control  mosquito  production 
within  flight  range  of  recreational  and  inhabited  areas. 

Health  agencies  will  also  provide  technical  Information  concerning: 

1^  Pteps  to  be  taken  to  control  terrestrl.al  arthropods  and  rodents. 
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r?)  Hazards  to  humans  and  animals  posed  by  proposed  chemical  control 
measures  against  insects  and  rodents. 

See  also  Section  V/  - Vector  Control  for  additional  Information. 

15.  CAMPGROTniDS,  ^rAYCROUNDS,  AJJD  PICNIC  AKSAS:  CamplnR  is  often 

a necessary  part  of  any  outdoor  recreation  outing  that  extends  beyond 
one  day.  Many  vacationers  stay  In  motels  and  hotels;  however, 
tents,  travel  trailers,  and  pickup  campers  have  loomed  larger  and 
larger  on  the  camping  scene  in  recent  years.  Camping  In  the  19^0 's 
is  Increasing  at  a faster  rate  than  the  provision  of  sites  and 
facilities  for  camping.  Tt  is  estimated  that  by  the  year  200C 
camping  demands  will  exceed  present  supply  by  a factor  of  10. 

Camping  facilitates  other  outdoor  activities,  such  as  boating,  fishing, 
hunting  and  hiking.  When  resources  are  developed  for  such  purposes, 
adequate  facilities  for  camping  also  should  be  provided.  A survey 
of  participation  in  outdoor  recreation  conducted  in  1959  and  i960 
showed  that  about  one-third  of  the  campers  enjoy  camping  in  remote 
areas  removed  from  other  people,  while  about  the  same  proportion 
enjoy  camping  in  an  area  where  they  can  visit  with  other  campers. 
Consequently  both  types  of  camping  areas  are  needed,  with  proper 
consideration  given  for  environmental  health  factors  relating  to 
this  mode  of  recreation. 

Come  factors  of  Importance  are; 

1)  Provision  of  level  well-drained  tent  areas. 

2)  Plans  for  regular  maintanance  of  the  grounds  (removal  of  poisonous 
plants,  hazards,  and  vector  harborages). 

3)  Rem.oteness  of  playgrounds  from  traffic  areas,  hazardous  topograph! ■’ 
features  and  hazardous  land  uses. 

Convenient  location  of  a water  supply  and  comfort  station  in  the 
area, 

5)  Tjocatlon  of  camping  iinits  on  one-way  loop  roads  or  cul-de-sacs. 

16.  CONCLUSTOli:  Applicable  laws  and  regulations  applied  by  the 

Michigan  Dej)artment  of  Public  Health  not  previously  referred  to 
Include: 

1)  Sanitation  Standards  for  Recreation  Camps  D-U6 

2)  Department  of  Social  Services  Rules  for  Licensing  Summer  Camps  - 
R UOO.231  thru  1*00.239 

3)  Sanitation  Standards  for  Resorts  and  Tourist  Accomodatiznz  D-Ul* 

U)  Subdivision  Control  Act  (Act  2B9,  PA  loSV) 

5)  Licensing  of  Agricultural  Labor  Camps  (Act  2*^,  PA  I965) 
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^■.!^l^^(■;N  IV  JOLID  <v'ASTE  MAJiAG -MEKT 


1.  r.Rr.'i'Kfl.L:  The  cHiinosa!  of  industrial,  commercial,  and  domestic 

solid  wastes  lias  heoo'.e  a , growing,  monumental  problem.  The  cost 
restrl'tlve  limitations  placed  on  refuse  disposal  are  those  imposed 
the  interests  of  public  health  and  environmental  control.  The 
term  "public  health”  Is  interpreted  broadly  with  regard  to  refuse 
storage,  collection,  and  dicpiual.  It  refers  not  only  to  the  direct 
t -ansmiss Ion  of  patuo/er.ic  disease  to  man  and  animals  and  the  reservoirs 
I'.-oT.  wnlch  disease  may  emerge,  but  also  to  such  factors  as  smoke,  odor, 
lust,  flv  ash,  water  jk-i  1 lut.ion,  noise,  and  unsightly  appearance  which 
iegra-it  the  environment. 

•Toper  solid  waste  mfinagement  will  improve  the  safety  and  quality  of 
the  env ironment : 

l)  By  eliminating  harbora^i'e  and  food  supply  for  rats,  flies,  mosquitoes, 
and  other  disease  vectors  or  nuisances. 

By  controlling  air  pollution  through  the  elimination  of  open  burning 
or,  in  the  case  of  incineration,  more  efficient  combustion.  Odors,  fly 
i.ih,  and  smoke  are  controlled  through  proper  combustion  control  design 
and  operation. 

By  eliminating  surface  ana  ground  water  pollution  associated  with 
improperly  disposed  refuse. 

4^  Bv  reducing  fire  hazards  associated  with  improperly  stored  refuse 
and  through  the  elimination  of  open  burning  or  dumping  of  reiXise. 

By  making  solid  waste  disposal  mechanisms  aesthetically  acceptable. 

'Olid  -waste  management  and  itg  potential  effects  should  be  considered 
In  water  resources  development  projects,  particularly  where  recreation 
and  water  quality  are  of  Importance.  The  problems  of  harborage  and 
food  supply  for  Insect  and  animal  disease  vectors  or  nuisances,  surface 
and  ground  water  pollutions,  fire  hazards,  and  aesthetic  Insult  often 
result  from  improper  storage  or  disposal  of  refuse. 

COriTROl.  OF  SOLID  WASTE  MAIIAGSMEUT:  In  Michigan  the  Department  of 

rubll"  Health,  the  Department  of  Natural  Resources  and  certain  IocpI 
Healtn  Departments  share  responsibility  for  the  control  of  solid  waste 
manarement . 


',1  Department  of  Public  Health:  Act  8?,  P.A.  19^5,  Solid  Waste  Disposal 

Area  Licensin'  provides  that  authorized  health  authorities  must  regulate 
garbage  and  refjse  disposal  through: 

1 Site  review  of  proposed  disposal  areas 
2'  Plan  review  of  proposed  disposal  facilities 
3)  Required  application  and  bonding  for  licensing 
L)  Routine  inspection  of  operating  facilities 
5)  final  Insp.'ci.ion  of  disposal  areas  to  be  closed 

Act  3^",  P.A,  W^5.  Air  Pollution  Control  requires  the  Department  of 
•ijhllc  H-:alth  to  administer  the  rules  of  the  Air  Pollution  Control 
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f!ommtssion . Tner.e  niles  Inclucle: 

1 Trvestipiatlon  of  the  emission  loadings  on  the  atmosphere  of  any 
itjel  burnlnf?:  operation. 

2)  Review  of  plans  and  Issuance  of  permits  for  the  construction  of 
' nclnerators . 

R)  Investigation  of  nuisance  conditions  created  by  open  burning. 

The  Department  also  provides  consultation  on  Insect  and  rodent  control 
and  solid  waste  management  planning  whenever  possible. 

2.2  Department  of  Natural  Resources:  Act  291,  P.A.  1965,  Use  of  Flood 

Plains  requires  that  the  use  of  submerged  lands  adjoining  any  of  the 
waters  of  the  ftate  be  reviewed  by  the  Department  of  Natural  Resources 
and  that  a permit  authorizing  such  use  be  obtained.  Act  167,  P.A.  19^. 
Flood  Plain  Control  further  requires  that  the  use  of  areas  subjected 

to  flooding  along  the  waters  of  the  State  be  reviewed  by  the  Department . 
Approval  of  the  Water  Resources  Commission  is  required  prior  to  use. 

Act  136,  P.A.  1969,  Liquid  Waste  Haulers  License  requires  such 
haulers  to  obtain  a business  and  vehicle  license  and  to  obtain  approval 
of  proposed  dlsuosal  areas  from  the  Department. 

2.3  Other  Authorities:  None  of  the  county  health  departments  In  the 

Grand  River  Basin  have  local  regulations  controlling  solid  waste 
disposal . County  health  authorities  act  as  agents  of  the  Department 
of  Public  Health,  however,  and  are  important  in  the  implementation  of 
Act  37.  Other  .Htate  enabling  acts  Important  to  solid  waste  management 
are:  Act  179,  P.A.  19^17;  Act  iSS  P.A.  I9U7;  Act  3^2,  P.A.  19ii°;  Act  1, 
P.A.  196";  and  .Act  320,  P.A.  192?. 

3.  SOLID  .-JA-STE  MANAGHMKNT 

3.1  Accumulation  and  Storsige:  Solid  waste  management  begins  with  the 

provision  of  an  efficient  mechanism  for  the  storage  of  the  waste 
generated  by  individuals  and  organizations  at  the  sites  of  Interest. 
Normally  such  a mechanism  is  simply  the  provision  of  Insect  and  rodent 
proof  containers  of  sufficient  volume  to  hold  the  maximum  amount  of 
waste  generated  between  collections  without  overflowing.  Possible 
mechanization  should  be  considered. 

3.2  Collection:  Following  the  orderly  accumulation  of  waste  In 

adequate  containers  as  described  above,  the  waste  must  be  removed  before 
putresclble  materials  cause  odor  problems.  There  normally  must  be  at 
least  twice  a week  collection  in  the  temperate  climate  of  the  United 
Htates.  Where  public  use  varies  greatly  such  as  for  recreational  areas, 
collections  may  be  required  daily  during  periods  of  heavy  use  such  as 
vacation  periods,  holidays,  and  weekends. 

3.3  Disposal : After  accumul.ation  and  collection  (including  transporta- 

tion In  covered  vehi'-lesl  disposal  of  the  waste  must  be  accomplished. 
With  the  large  amoun‘'s  of  waste  often  collected  the  small  problems  of 
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ln(iivl>iual  accurm^bitlon  sites  Viecome  lar^e  problems  at  the  disposal 
'ite  with  the  added  problem  of  various  forms  of  air  pollution  where 
burninp;  occurs. 

Adequate  dispersal  may  be  defined  as  occurring  where  no  nuisance  or 
hazard  to  health  Is  ■‘r.currel  by  the  means  of  disposal  used.  Therefore, 
adequate  disposal  may  vary  from  open  dumping  In  areas  approved  by  the 
health  agency  having  lurlsdiction  to  the  sanitary  landfill  or 
incineration  with  air  pollution  controls  required  for  populated  areas. 
For  further  consideration  of  the  modern  practices  associated  with  the 
sanitary  landfill  and  incineration  means  of  solid  waste  disposal, 
reference  ■'s  made  to  those  local  and  State  health  agencies  having 
.nirisdlction  as  discussed  above. 

It.  R'CCRFATTON  AR’IAS;  Recreation  areas  and  the  supporting  economy 
that  often  develops  aroxind  such  areas  may  be  expected  to  generate 
significant  araottnts  of  refuse  material.  Basic  principles  of  solid 
waste  management  for  recreation  areas  are  discussed  in  Section  ITI  of 
this  guideline. 

. RESERVOIR  FIAiJWTTiO:  Before  Impoundment,  a survey  should  be  made 

to  locate  solid  and  liquid  waste  dlsptosal  sites  that  will  be  Inundated. 
Tl.ls  survey  should  be  part  of  a general  assessment  of  pollution  sources, 
levels,  and  potential.  If  it  Is  determined  that  these  sites  could 
cause  a significant  pollution  problem,  the  objectionable  material 
should  be  removed. 

'yiie  filllag  of  a reservoir  represents  a change  In  hydrologic  conditions 
which  will  raise  the  nearby  groundwater  table.  If  the  higher 
groundwater  table  intrudes  upon  a solid  waste  landfill  or  sewage 
disposal  facility  pollution  could  result.  Further  Investigation  and 
-•orrectlve  and  or  protective  measures  should  be  taken  accordingly. 
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GfiCTIOK  V VSCTOR  CONTROL 


1.  C--TNi'JiAL:  Taecy  RuideTlnes  should  assist  jn  the  evaluation  of 

insert  and  rodent  control  problems  and  in  the  prevention  and  control 
of  disease  ve-'tors  and  pests  which  may  be  associated  with  water  and 
related  land  resources. 

The  ^lidelines  are  broken  down  into  two  catepiories: 
l)  TTactlces  for  the  Prevention  and  Control  of  Vector  Problems 
P'1  Field  Survey  njid  i?pliemiologlcaI  Surveillance 

Vajor  vectors  considered  include  mosquitoes  from  the  water  resource 
and  flies,  ticks,  and  rodents  from  the  related  land  resource. 

Tie  major  diseases  transmitted  by  mosquitoes  are  malaria,  yellow 
fever,  dengue,  encephalitis,  and  filariasis.  Control  programs  and 
climate  have  now  reduced  malaria,  yellow  fever,  dengue,  and  filariasis 
to  minor  or  histori  -al  importance  in  the  United  States.  St.  Louis 
and  Western  encephalitis  have  only  occurred  in  Isolated  cases  in 
Michigan,  Thus,  mosquitos  in  Michigan  are  only  considered  as  nuisances 
which  can  cause  severe  discomfort  and  secondary  Infections  particularly 
when  present  in  large  numbers. 

At  present,  ticks  are  known  to  transmit  five  groups  of  deadly  diseases: 
rickettsial,  such  as  spotted  fever;  bacterial,  such  as  tularemia; 
spirochetal,  such  as  relapsing  fevers;  viral,  such  as  Colorado  tick 
fevei',  and  protozoal,  such  as  Texas  cattle  fever.  They  also  produce 
3.  toxic  paralysis.  Tick  transmitted  diseases  have  occurred  primarily 
in  the  South  Atlantic,  Appalachian,  and  Western  states.  The  incidence 
of  such  diseases  in  Michigan  is  very  low.  Since  ticks  are  so 
widespread,  however,  the  hazard  from  them  should  he  considered  omni- 
present, 

2.  PRACTICvG  FOR  THE  PRSV5I.T~  DN  AND  CONTROL  OF  VFCTOR  PROBLEMS:  In 

the  prevention  and  control  of  vector  problems,  special  emphasis  must 
be  placed  upon  the  prevention  of  physical  conditions  wliich  may  result 
in  increased  vector  popilations  and  upon  the  establishment  of  physical 
conditions  which  will  minimize  or  eliminate  existing  vector  problems; 
attention  rmist  also  be  given  to  factors  such  as  the  maintenance  of  basic 
sanitation  standards,  programs  for  the  application  of  insecticides, 
location  of  habitable  areas  away  from  potential  mosquito  production 
areas,  and  so  forth.  The  following  principles  and  practices  for 
prc-'crMion  and  control  of  vector  problems  should  be  followed  in  the 
planning,  desirn,  constniction,  operation,  and  maintenance  of  water 

and  related  land  resource  projects, 

2 . L Impoundments : 

l)  All  borrow  pits  and  other  potential  ponding  areas  associated 
with  construetior  of  the  dam,  relocation  of  highways  or  roads,  et'., 
whi-’!.  Ineat^'d  above  maximum  pool  level  should  be  made  self-draining. 
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i.')  i"^lor  to  iir.pouiidar.t , the  reservoir  basin  should  be  prepared  as 
follows : 

a.  Tne  normal  suminer  fluctuation  zone  of  the  permanent  pool  should 

he  selectively  cleared  except  for  isolated  trees  and  sparse  vegetation 

along  abnapt  shorelines  which  will  be  exposed  to  wave  action.  | 

b.  Dense  stands  of  timber  rooted  below  the  normal  summer  minimum  | 

]'00l  level  but  extending  above  that  level  should  be  selectively  ] 

'leared.  j 

t^rrow  pits,  depressions,  marshes,  and  sloughs  wliich  will  be  ] 

floou'-'d  oy  the  reservoir  at  nzixlwfum  pool  level  and  which  would  retain  j 

water  i*  lower  pool  levels  should  be  provided  with  drains  to  Insure 
complete  drainage  wltn  fluctuation  Of  water  levels, 
d.  Tf  the  summer  fluctuation  zone  of  the  permanent  pool  is  limited 
to  a few  feet,,  consideration  should  be  given  to  "building  out" 
mosiuito- producing  areas  located  within  flight  range  of  population 
groups  or  recreation  areas  through  the  use  of  measures  such  as 
deepening  and 'or  filling.  This  would  minimize  the  need  for  repetitious 
measures  for  controlling  vegetation  and  mosquito  production. 

3)  After  Impoundage,  the  following  maintenance  measures  should  be 
carried  out  in  ail  potential  mosquito-producing  areas  located  within 
flight  range  of  human  population  groups  or  recreation  areas  frequented 
by  significant  mimbers  of  persons: 

a.  All  dense  vegetation  should  be  removed  periodically  from  flat, 
protected  areas  within  the  normal  summer  fluctuation  zone  of  the  permarient 
pool  . 

b.  Vegetation,  debris,  and  flotage  should  be  removed  periodically  from 
all  drains  to  Insure  free  flows. 

h'  Water  level  management  to  minimize  conditions  favorable  for 
mosquito  production  should  be  used  to  the  maximum  degree  permitted  by 
tne  primary  purposes  of  the  reservoir.  This  will  minimize  the  need 
for  repetitious  measures  for  controlling  vegetation  and  mosquito 
production. 

A:;  a general  principle,  waterside  recreation  areas,  particularly 
there  •..•.•ilch  have  facilities  for  overnight  human  occupancy,  should  be 
located  along  sections  of  the  reservoir  which  have  a low  production 
potential  for  mosquitoes  and  other  aquatic  insects  of  public  health 
importance, 

Plological  control  measures  such  as  maintaining  populations  of 
T.os  ;ulto  larva  predators  should  be  exercised  as  needed. 

" . 0 Hf;cre,at1onal  Areas  : 

.1  Proper  storage,  collection,  and  disposal  of  solid  and  all  liquid 
wastes  should  be  practiced  in  order  to  prevent  and  control  flies, 
wasps,  mosiuitoes,  other  noxious  insects,  rats,  wild  rodents,  and 
th-?r  small  m.mmals. 
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3)  All  bundlrif'P  should  he  rodent  proofed  at  reoreatlon  ar<’*as. 

vliere  pit  privies  are  provided,  they  should  he  lonated.  constructed 
nnd  rnalntalned  In  ^ctipllance  with  Mlchlran's  Act  273  ~ Prl -rv  Ix.w  and 
Re.-ilatlons . UTiere  possible  such  unsatisfactory  facilities  should  be 
replaced  with  tncdern  water  carrlape  sewapie  dlcposal  systems. 

U)  Brush  and  weeds  alonp  paths,  trails,  roadwavs,  and  other  areas 
frequently  used  by  visitors  should  be  treated  with  herbicides  or 
removed  In  order  to  reduce  the  likelihood  of  tick  and  chirper 
infestation.  Insecticides  should  also  be  applied  alonp  paths  or 
roadsides  to  control  tick  and  chlgger  Infestations  but  only  In  accordan 
with  recommendations  and  requirements  of  the  State  Department  of 
Agriculture.  Cont,alners  Including  tree  holes,  tires,  and  slm.llar 
receptacles  should  be  filled  or  removed  to  eliminate  breeding  places 
for  mosquitoes  and  biting  gnats. 

2.3  Vfaterfowl  Ref iges : 

1)  vhenever  possible,  waterfowl  habitat  developments  should  be 
constructed  so  as  to  minimize  mosquito  problemr, 

2)  ‘•■.'aterfowl  areas  which  are  to  be  flooded  during  the  mosquito 
season  should  Ve  dlk'^d  or  otherwise  prepared  with  steep  shorelines 

to  preclude  shallow  water  areas  favorable  for  mosquito  production.  Bank 
should  not  be  made  so  steep  as  to  Im.palr  stability. 

3)  Provision  should  he  made  for  water  level  management  In  waterfowl 
areas  which  will  minimize  mosquito  production.  This  recommendation  Is 
particularly  applicable  to  shallow  areas  used  to  provide  establishment 
of  food  produclnp  vegetation. 

Irrigation: 

l)  "roject  Conveyance  and  Distribution  Systems 

a.  Lining  or  other  satlsfactoT'/  seepage  control  measures  should 
be  provided  for  all  sections  of  canals  and  laterals  located  In 
porous  soil  where  excessive  leakage  would  result  in  waterlogged 
areas , seeps , and  ponds . 

b.  Drains  should  be  installed  to  prevent  ponding  of  excess  Irriga- 
tion water  and  natural  runoff  along  the  upper  sl'^e  of  canals  and 
laterals.  All  drainage  crossing  or  inlet  structures  should  '.le 
placed  on  grade  to  prevent  ponding. 

c.  Borrow  areas  should  be  made  self-draining  to  prevent  the 
retention  of  ponded  water, 

t.  'rVkere  possible,  provision  should  be  made  to  prevent  Idle  turn- 
niitr.  and  other  hydraulic  structures  from  retaining  residual  water, 

e.  Effective  measures  should  he  provided  to  prevent  ponding  of 
leakage  from  water  ''ontrol  strictures. 
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r.  Rvery  effort  :,hould  be  made  to  establish  delivery  schedules 

which  will  provide  farm-rs  with  adequate  but  not  excessive  ' 

amoxmts  of  water  it  proper  Intervals  to  Insun  efficient  Irriga- 
tion of  the  crops  concerned. 

(’•.  '.'/liere  feasH  le  pipe  should  be  used  rather  than  open  channels. 

:i.  Vegetation  .rl  iebris  whlca  would  retard  normal  flows  should 
be  periodically  removed  tVom  conveyance  channels,  water  control 
structures,  and  drains. 

Project  Drainage  :’ystems 

a.  "Vunk  drainage  systems  siiould  be  Installed  to  Insure  complete 
removal  and  proper  disposal  of  excess  Irrigation  water,  natural 
runoff,  and  seepage  from  i oth  Irrigable  and  nonlrrlgable  lands 
affectea  by  the  distribution  and  use  of  Irrlga  Ion  water  on  the 
project . 

b.  Drainage  ditches  should  le  designed,  constructed,  and  maintained 
so  as  to  minimize  ponding  In  the  ciiannels  and  to  Insure  free  flows 
at  all  limes. 

c.  'Revision  should  t)e  made  to  prevent  water  from  ponding  behind 
spoil  banks. 

d.  Hnderdralns,  culverts,  inlets,  etc.,  should  be  placed  on  grade 
to  prevent  ponding. 

3)  Irrigated  Farms 

a.  The  sponsoring  agency  and  other  organizations  concerned  with 
Irrigation  agriculture  or  mosquito  control  should  encourage 
Irrigation  farmers  to  use  the  following  Irrigation  and  drainage 
practices  which  w'!!  prevent  or  minimize  mosquito  sources: 
l)  The  farm  supply  system,  drainage  system,  and  field  layouts 
should  lie  properly  fitted  to  the  topography,  soil,  water  supply, 
crops  to  be  grown,  and  irrigation  methods  to  be  used. 

i?)  All  surface  Irrigated  fields  should  be  properly  leveled  or 
graded  to  provide  for  efficient  water  application  and  removal  of 
excess  water  without  ponding. 

3)  An  adequate  drainage  system  should  be  provided  for  removal 
of  excess  Irrigation  water  from  all  portions  of  the  farm, 

I 

h)  Irrigation  methods  should  be  used  which  will  provide  optimum 
irrigation  efficiencies. 

‘j'l  Application  of  Irrigation  water  should  be  ll.nlted  to  the  amount 
required  to  fill  the  crop  root  zone  plus  water  to  cover  unavoidable 
losses  and  excess  water  needed  to  prevent  upward  movement  of  salts. 
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P. "j  PnndG 

1)  Tiif-  p.md  basins  ;;hauld  be  cleared  of  trees,  trash,  and  other 
dense  ves'otaHon  prior  to  impoundage. 

2)  Ponds  should  be  constructed  w^lth  steep  banks  to  discourage  growth 

of  vegetation.  Banks  should  not  be  made  so  steep  as  to  impair  stability. 

3)  All  dense  vegetation  should  be  removed  periodically  from  shallow 
water  areas . 

U'!  A minimum  depth  of  2 feet  should  be  maintained. 

2.6  Channel  Improvements  and  Drainage 

l'  Borrow  areas  resulting  from  constriction  of  the  project  should  be 
made  self-draining. 

2)  Material  excavated  from  channels  should  be  disposed  of  in  such  a 
way  that  it  will  not  cause  ponding  of  Witer. 

3)  Adequate  drains  should  be  Installea  to  prevent  ponding  of  water 
on  berms  or  behind  spoil  banks,  levees,  and  dikes. 

la)  Drainage  ditches  should  be  designed,  constructed,  and  maintained 
to  concentrate  low  flows  and  reduce  silt  deposition  and  subsequent 
ponding,  thereby  insuring  free  flows  at  all  times. 

5)  TTnderdrains , culverts.  Inlets,  etc.,  should  be  placed  on  grade  to 
prevent  ponding. 

6)  Collection  sumps  should  be  constricted  with  steep  side  slopes,  and 
any  emergent  vegetation  should  be  removed  periodically, 

7)  Sections  of  natural  channels  that  are  cut  off  or  bypassed  by  new 
channels  should  be  filled  or  provided  with  adequate  drains. 

2)  Interior  drainage  facilities  should  be  well  maintained  to  avoid 
excessive  ponding. 

9)  The  use  of  V'iological  control  measures  such  as  stocking  with  the 
Gambusia  af finis , the  mosqultoflsh  or  top  minnow,  should  be  used 
where  feasible. 

2.7  Waterways,  Terraces,  Floodways,  Diversion  Channels,  and  Drainage 
Ditches 

1)  Waterways,  terraces,  floodways,  diversion  channels,  and  drainage 
ditches  should  be  designed,  constructed,  and  maintained  to  prevent  the 
retention  of  ponded  water  or  the  creation  of  ponded  areas  which  would 
be  suitable  for  mosquito  production.  Check  Submerged  Lands  Division 
of  the  Department  of  Naiural  Resources  for  permits. 

2)  Biological  control  measures  shculd  be  used  where  feasible, 

2.2  Supplemental  Chemical  Control  Measures 

l)  Tai  situations  where  adequate  vector  control  is  not  obtained  througn 
prevention  and  source  reduction  measures,  provlsi.  a should  be  made 
for  supplemental  use  of  Insecticides  and  rodenticldes  to  achieve  the 
desired  level  of  control.  The  use  of  such  chemicals  should  be  cleared 
with  the  Department  of  Agriculture  and  Health  and  closely  rerrulated 
to  prevent  the  possibility  of  water  pollution  resulting  from  such 
actlvl ty , 

3.  FISLD  SURViiy  ATID  BPTDEMIO^.ICAL  STTRVETLIAWC5:  In  order  to  Insure 
that  goori  principles  ant)  practices  are  actually  being  implemented. 
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that  vectors  are  belnp;  controlled,  and  that  disease  and  nuisance  are 
hetn^  prevented,  arrangements  should  be  made  for  routine  field  surveys 
and  for  epidemiological  surveillance.  The  routine  field  surveys 
should  include  not  only  inspections  for  implementation  of  physical 
measures,  biit  also  Inspections  for  the  presence  of  adult  and  larval 
mosquitoes  and  other  vectors.  Regular  information  on  vector  popula- 
tions or  disease  occurrence  is  essential  in  guiding  control  programs 
or  Instltxiting  new  programs  to  cope  with  existing  vector  problems 
as  well  as  unforeseen  or  emergency  situations. 
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nSCTTON  VT  TRRIGA"’TON 


1.  Oi?rJHR;\L:  Due  to  tlie  low  dilution  flow  available  in  the  upper 

portions  of  the  Grand  River  Basin  and  the  high  degree  of  treatment 
being  required  for  the  discharge  of  sewage  effluents  to  the  basin's 
streams,  land  disposal  of  treated  sewage  is  being  considered  for 

use  in  the  basin.  Such  disposal  will  only  be  initiated  after  careful 
appraisal  by  the  Michigan  Department  of  Public  Health.  If  such 
disposal  is  practiced,  a potential  for  conversion  of  the  waste  to 
crop  products  will  undoubtedly  be  considered.  'Tie  following 
discussion  represents  a presentation  of  the  information  regarding 
sewage  Irrigation  available  to  the  Bureau  of  V/ater  Hygiene  of  the 
Public  Health  Service. 

2.  SST.-’AGE  IRRIGATION  ATO  DISEASE:  The  use  of  municipal  sewage  in 

irrigation  has  long  been  practiced.  Sewage  "farming”  in  the  Itoited 
States  began  in  the  late  19th  Century  in  Wyoming,  Colorado,  California, 
Dtah,  and  Montana.  At  the  present  time,  extensive  sewage  farming  is 
done  in  the  arid  Western  States,  primarily  due  to  acute  water  shortages 
and  to  keep  sewage  effluents  out  of  surface  waters.  To  prevent  disease 
transmission,  the  use  of  raw,  settled  or  undlslnfected  sewage  has  been 
prohibited  on  vegetables  grown  for  direct  human  consumption  (p-oduce) 
in  most  of  the  states. 

Past  experience  with  unrestricted  sewage  irrigation  has  demonstrated 
that  disease  outbreaks  and  worm  Infestations  can  be  caused  by  contaminated 
vegetables  and  fruits.  Today,  health  department  restrictions,  low 
levels  of  population  infections,  and  symptomatic  treatment  have 
practically  eliminated  epidemiological  evidence  of  the  occurrence  of 
disease  or  worm  Infections  from  food  contaminated  by  irrigation  practices  i 
the  United  Gtates.  This  does  not  mean,  however,  that  no  threat  exists 
from  this  source. 

COTfr.A.M™TION  OF  FRIilTS  AND  VEGBTABLEG:  Fruits  and  vegetables 

growing  in  Infected  soil  have  been  found  to  be  contam.lnated  with 
pathogenic  bacteria.  Bacteria,  protozoan  cysts,  and  helminth  eggs 
adhere  tenaciously  to  the  surfaces  of  vegetables,  are  not  removed  by 
ordinary  washing,  and  are  protected  from  the  external  environment. 

Gurvlval  of  pathogens  is  primarily  dependent  upon  the  type  of  pathogen 
and  the  presence  of  moisture.  Gurvival  of  pathogens  on  vegetables  has 
been  shown  to  vary  from  a few  days  for  amoeba  cysts  to  as  long  as  30 
days  for  Ascaris  eggs.  Disinfection  of  contaminated  vegetaoxes  with 
detergents  or  chlorine  compounds  has  been  shown  to  be  ineffective  or 
unreliable . 

. PTTBLIC  HEALTH  POLICY:  The  only  reliable  means  for  preventing 

exposure  of  the  public  to  contaminated  produce  is  prevention  of  such 
contamination  from  occurring.  This  has  been  achieved  in  the  past  by 
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health  department  re(/ulatlons  prohibiting  the  use  of  night  soil 
and  municipal  sewage  for  the  Irrigation  of  produce.  Improvements 
In  sewage  treatment  practice  and  the  application  of  secondary 
treat inent  on  a wide  scale  have  prompted  efforts  to  obtain  approval 
of  the  use  of  treat'cd  waters  for  unlimited  Irrigation.  Health 
authorities  are  generilly  reluctant  to  accept  such  use  due  to  the 
t.acards  assoc' ated  with  the  source  of  the  waters,  the  unknown  factors 
of  pathogen  curvl/al,  and  the  inconsistency  associate!  with  many 
treatment  plant  ope-ations.  A conservative  approach  is,  therefore, 
adopted  which  general';.'  assur  .-s  safe  use  of  the  subject  -water.  This 
■onservative  approaor.  is  refle.jted  in  the  recommended  guidelines 
presented  herein. 

IRRIGATION  WITH  POLUITaD  3URFAG5  VIATERS;  The  restrictions 
applied  to  direct  use  of  sewage  for  irrigation  have  not  generally  been 
applied  to  polluted  surface  waters  used  for  irrigation,  this  is 
primarily  due  to  the  fact  that  few  cases  of  disease  or  worm  Infesta- 
tion have  been  associated  wltn  the  use  of  polluted  surface  waters 
for  Irrigation.  The  lack  of  serious  hazard  associated  with  this  use 
of  pialluted  surface  water  is  probably  due  to  the  fact  that  dilution, 
natural  treatment  processes,  the  hostile  environment  to  most  human 
pathogens  normally  associatea  with  surface  waters,  and  the  time  lapse 
between  the  pathogen's  leaving  its  last  host  and  harvesting  of  the 
Irrigated  produce  practically  eliminate  the  danger  of  infection 
occurring  with  ingestion  of  the  irrigated  produce. 

For  most  cases  in  which  the  use  of  polluted  surface  waters  for  irriga- 
tion is  questioned,  the  recommended  criteria  of  the  "Report  of  the 
Committee  on  Water  Quality  Criteria"  publlsh°d  by  the  Department  of 
Interior  are  considered  adequate.  These  criteria  state  "The  monthly 
arithmetic  average  density  of  the  coliform  group  of  bacteria  shall 
not  exceed  5000  per  100  n.llllllters  and  the  monthly  arithmetic  average 
density  of  fecal  coliform  shall  not  exceed  1000  per  I'OO  milliliters. 

Both  of  xhese  Limits  shall  be  an  average  of  at  least  two  consecutive 
samples  e;'.anined  per  month  during  the  Irrigatior.  season  and  any  one 
sample  e:<amlned  in  any  one  month  shall  not  exceed  a coliform  group 
density  of  more  than  00,000  per  100  milliliters  or  a fecal  colifcrm 
dens i tv  of  more  than  h,000  per  100  milliliters". 

For  special  cases,  however,  in  which  little  dilution  is  available, 
environmental  conditions  are  more  than  normally  hospitable  to 
pathogens,  and/or  time  of  exposure  to  hostile  conditions  is  short, 
the  local  or  State  health  departments  should  make  an  appropriate 
determination  regarding  the  water  quality  to  be  used  for  irrigation. 

6,  MINR-lIJM  RFCOMMKNDND  GUIDFLINFB  FOR  USE  OF  FFFLUrJIvT  FOR  IRRIGATION: 
The  practice  of  irrigation  of  agricultural  crops  raises  a number  of 
heaitn  questions  regarding  water  quality  to  be  used  and  vector  control. 
The  factors  relating  to  mosquito  and  other  vector  problems  are 
primarily  thos''  of  hydraulics  and  drainage.  These  factors  are  discussed 
under  Section  V,  Vector  Control,  of  this  guideline.  Recommended 
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water  quality  eriteria  for  polluted  stream  waters  used  for  irrlfra- 
tlon  are  presented  and  adequately  discussed  In  the  "Report  of  th" 
Committee  on  Water  Oualitv  Criteria"  published  by  the  Department  ■f 
Interior. 

The  recommended  fruidpHnes  presented  b.elow  are  considered  to  be 
minimum  pjidellnes  applicable  to  the  direct  use  of  sewage  or 
treated  sewage  for  irrigation.  liocal  and  state  regulations  regarding 
this  usage  shoxild  be  pdhered  to  within  their  respective  .lurlsdlctior.s , 

Waste  water  utilization  programs  can  play  an  Important  role  in  the 
irrigation  of  crops.  Careful  regulation  of  this  practice  is  ne''ebs,ir:^ 
to  prevent  i.he  contamination  of  those  food  crops  which  are  eaten 
uncooked  and  to  prevent  unnecessary  exposure  of  the  public  to  path  ■■■en 
laden  waters. 

6.1  Definitions : The  following  terms  shall  have  the  meaning  speci'"-  i 

below: 

"Effluent"  - Tlie  treated  sewage  discharged  from  waste  treatment 
facilities . 

"Irrigation"  - Watering  of  plant  life  by  spraying  and  direct  flow  methods. 

"Secondary  Sewage  Treatment  Plant"  - A sewage  treatment  plant  based  on 
biological  treatment  processes. 

"Sewage"  - All  untreated  liquid  wastes  containing  suspended  and  dissrWved 
material,  human,  animal,  or  vegetable  matter  as  well  as  chemicals  in 
solution. 

"Spray  Irrigation"  - Irrigation  by  spraying  or  sprinkling. 

6.2  Irrigation  with  se'wage:  Sewage  should  not  be  used  for  irriga’. i-n. 

6.3  Irrigation  with  effluent: 

1)  The  sewage  to  be  used  for  irrigation  should  be  treated  by  s-  • 
se-wage  treatment  and  disinfection. 

2)  After  being  treated,  the  effluent  should  meet  the  bactrrlolori ral 
guideline  of  100  cold  form  Mpi^  per  100  ml  or  less  in  four  out  of  ‘’P 
samples  teken  on  a schedule  specified  by  the  state  or  local  heal*.  . 
agency  having  jurisdiction. 

6.)‘  Precautions  to  he  taken  before  irrigation:  Before  Irrlgat*!. 

effluent  is  carried  out,  the  following  precautions  should  be  ta' 

1.  The  areas  to  he  irrigated  should  be  clearly  designated  with 
warning  in  clear  and  visible  letters  that  effluent  irrigation  is 
carried  out. 

2.  The  pipe  network  for  effluent  irrigation  should  be  completely 
disconnected  from  the  regular  water  supply  network. 

3.  All  necessary  steps  should  be  taken  to  prevent  mosquito  or  fl 
breedlnr  in  the  area  to  be  irrigated,  (fee  Vector  Control  piidel'  , 
Section  V.) 
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U.  All  necessary  steps  should  be  teiken  to  prevent  the  dissemination 
of  odors  which  may  reach  residential  areas,  or  other  areas  in  which 
the  public  is  likely  to  be  present. 

No  spray  Irrigation  with  effluent  should  be  carried  out  within 
a distance  of  200  yards  from  a residential  area  or  50  yards  from  a 
road. 

6.  Ridge  and  furrow  irrigation  with  effluent  may  be  carried  out  if 
the  dlstauice  to  residential  areas  is  greater  than  100  yards  and  the 
distance  to  roads  is  greater  than  25  yards. 

6.5  Crop  limitations  for  Irrigation  with  effluent;  Conditions  under 
vrtilch  irrigation  with  effluent  may  be  permitted  are: 

1)  Those  crops  normally  eaten  cooked  or  having  an  outer  peel  or  husk 
which  is  normally  removed  and  discarded. 

2)  Crops  for  industrial  use  and  not  used  for  human  consumption. 

3^  tfursery  trees. 

k)  Fodder  crops  for  harvesting. 

5)  Fodder  crops  for  grazing  of  cattle,  sheep,  swine,  and  poultry  on 
condition  that  the  animals  do  not  graze  on  the  irrigated  area  while 
the  area  is  wet  from  the  effluent  application. 

6.6  Irrigation  of  deciduous  fruit  trees  with  effluent:  In  spite  of 
the  conditions  in  paragraph  b.5  above,  direct  ^low  irrigation  or  low- 
level  spray  irrigation  of  deciduous  fruit  trees  with  effluent  may  be 
safely  done  if  the  following  conditions  are  fulfilled: 

l)  The  spray  Irrigation  is  executed  so  as  to  prevent  effluent  from 
coming  in  contact  with  fruit. 

2)  Fpray  irrigation  ceases  two  weeks  before  fruit  is  harvested. 

3)  '^e  fruit  falling  to  the  ground  is  not  marketed. 

6.7  Irrigation  of  lawns  with  effluent:  Effluent  should  be  used  to 

irrigate  lawns  only  where  the  lawns  are  closed  to  the  ijubllc  while 
the  effluent  is  being  applied  and  while  the  irrigated  lawns  remain 
wet  from  the  effluent  application. 
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SECTION  VII  RADIOLOGICAL  HEALTH 


1.  SOURCES  OF  RADIOACTIVE  CONTAMINANTS:  The  sources  of  radioactive 

water  contamination  are  numerous  and  Include  hospitals,  industrial 
laboratories,  nuclear  reactors,  and  full  fabrication  and  reprocessing 
plants.  Hospitals  and  certain  industrial  and  research  laboratories 
dispose  of  low  levels  of  water-borne  Isotopes  used  in  basic  research 
and  in  treatment  of  patients  by  flushing  to  sanitary  sewers. 

Radioactive  wastes  can  also  occur  at  these  facilities  through  leakage 
from  continuous  processing  systems.  Considering  the  diversity  of 
radiological  medical  and  research  applications,  almost  any  isotope 
might  occur  in  the  liquid  wastes  of  these  facilities.  liie  use  of 
isotopes  in  medicine  and  research,  however,  is  not  normally  great 
enough  in  any  given  area  to  present  a hazard  to  individuals  through 
contamination  of  the  environment. 

The  principal  types  of  reactors  currently  operating  in  the  United 
Ctates  are  electric  power  reactors,  production  reactors,  and  research 
reactors.  Of  these  three  types,  power  reactors  will  present  the 
greatest  problems  of  radioactive  liquid  'waste  disposal  in  the  future 
due  to  the  tremendous  growth  of  the  nuclear  power  field  now  expected. 
Protected  data  indicates  that  nuclear  power  will  move  from  its 
position  of  supplying  approximately  1^  of  the  electrical  energy 
requirements  in  1969  to  around  25^  in  19^0.  Production  and 
release  of  liquid  wastes  can  be  expected  to  increase  proportionately 
with  this  Increase  in  nuclear  power  generation. 

The  types  of  nuclear  power  plants  presently  being  designed  and  operated 
in  the  United  States  are  pressurized  water  reactors  (PV/R)  and  boiling 
’water  reactors  (BWR).  Both  types  of  facilities  have  been  designed  to 
release  relatively  low  levels  of  liquid  wastes  during  normal  operation. 

2.  nURVBILLANCS  AND  CONTROL  OF  RADIOACTIVE  CONTAMINATION;  The  legal 
basis  for  the  control  of  such  contamination  in  Michigan  is  Act  11^6, 

P.A.  1919  us  amended.  Under  this  act  the  State's  "Regulations  governing 
use  of  radioactive  isotopes,  x- radiation  and  all  other  forms  of 
ionizing  radiation"  were  established.  Surveillance  is  divided  between 
the  Michigan  Department  of  Public  Health  and  the  Michigan  Water 
Resources  Commission.  'Within  the  Department  of  Public  Health  the 
Section  of  Occupational  Health  controls  usage  and  disposal  and  the 
Division  of  Engineering  monitors  drinking  water.  The  Water  Resources 
Commission  monitors  discharges  of  radioisotopes  into  the  State's  waters. 
All  potential  sources  of  radioactive  contamination  must  be  registered 
with  the  Section  of  Occupational  Health. 

3.  SOURCES  OF  RADIOACTIVE  CONTAMINATION  IN  THE  GRAND  RIVER  BASIN: 
liCvels  of  contaminants  coming  from  hospitals  and  Industrial  laboratories 
are  known  to  be  very  low  and  are  not  considered  to  be  problem  sources 
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In  the  fViture.  Tliere  are  no  nuclear  pover  plants,  fuel  fabrication 
and  reprocessing  plants  or  nuclear  burial  or  disposal  sites  In  the 
Grand  River  Basin.  In  addition  no  such  major  potential  sources  of 
radioactive  pollution  are  known  to  be  proposed  for  future  construction 
in  the  area.  In  view  of  the  fact  that  no  serious  potential  sources 
of  radioactive  contamination  exist  or  are  expected  to  exist  in  the 
Grand  River  Basin,  no  problems  from  this  health  aspect  of  water 
resources  should  occur. 


For  those  desiring  reference  material,  references  keyed  to  the  text 
of  these  Health  Guidelines  are  available  from; 


Division  of  Engineering 
Michigan  Department  of  Public  Health 
3500  N.  Logan  Street 
Lansing,  Michigan  48914 


Bureau  of  Water  Hygiene 
EGA,  CPEHS,  USPHS 
Room  712 

433  W.  Van  Buren  Street 
Chicago,  Illinois  606OT 


